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Abstract 
Depression is one of the oldest known mental health conditions. It is acknowledged to be 
a global health problem that affects people from any culture or ethnic group. The 
prevalence of depression widely varied across countries and cultures. The cross-cultural 
relevance of the concept of depression, its screening or diagnosis, and cultural 
equivalence of items used to measure symptoms of depression has been area of research 
interest. Differences in prevalence rates in depression have been suggested as being due 
to research artifacts, such as use of instrument developed for one culture to another 
culture. With the current trend of globalization and increased rate of immigration, the 
need for measurement scales that can be used cross-culturally is becoming essential. 
Translation and adaptation of existing tools to different languages is time saving and cost 
effective than developing a new scale. The Center for Epidemiologic Studies Depression 
Scale [CES-D; (Radloff, 1977)] has been widely used as a screening tool for depressive 
symptoms in community and clinical settings. It has been widely accepted and translated 
to multiple languages and its measurement equivalence tested across groups. This study 
was designed as a mixed method study. The purpose of this study was three fold: (a) 
translate and adapt the CES-D scale into Tigrigna Language for use by Tigrigna speaking 
Eritrean immigrants in the United States using the forward backward translation and 
cognitive interview techniques (b) test the psychometric properties of the Tigrigna 
version CES-D scale using confirmatory factor analysis under the framework of 
 
 
viii 
 
structural equation modeling and (c) test measurement equivalence of the scale by 
comparing data collected from 253 Eritrean immigrants using the Tigrigna version CES-
D scale with a secondary data collected from 1918 non Eritrean US citizens using the 
English version CES-D scale in a separate study. The baseline four factor CES-D scale 
model originally suggested for the general population fitted the data from both samples. 
The fit indices for the Tigrigna sample were (χ2 = 299.87, df = 164, RMSEA = .06, 
SRMR = .06, GFI = .89, and CFI = .98) and for the English sample (χ2 = 1496.81, df = 
164, RMSEA = .07, SRMR = .04, GFI = .92, and CFI = .98). The Multi-group 
confirmatory factor analysis showed reasonably adequate fit (χ2 (328)
 
= 1796.68, RMSEA= 
.07, SRMR = .06, GFI = .89, CFI = .98). Fourteen of the 20 CES-D items were invariant 
across the two samples suggesting partial metric invariance. Partial full factor invariance 
was also supported. In conclusion, the findings of this study provide adequate evidence in 
support of the applicability of the four factor CES-D scale for measuring depressive 
symptoms in Tigrigna speaking Eritrean immigrants/refugees in the United States. 
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Chapter One 
Introduction 
The increasingly diverse nature of the population in the United States is drawing 
researchers‟ interest to minority groups such as immigrants. Doing research with minority 
groups requires valid and reliable measurement tools. The interest and awareness of 
cross-cultural aspects of illness and wellness has been increasing over time. With such an 
increase in awareness of cross-cultural aspects of illness and wellness, the consideration 
of linguistic translations and adaptation of culturally appropriate research tools for use in 
languages other than the source language is also growing significantly (Anderson, 
Aaronson, & Wilkin, 1993; Wiesinger et al., 1999). Through years of hard work by 
various researchers, many instruments have been developed and validated to measure 
physical symptoms, functional status, psychological state, and social interactions. The 
majority of these measurement tools are developed in English speaking countries 
(Guillemin, Bombardier, & Beaton, 1993). But even in these countries the use of those 
tools might not be appropriate for immigrant/refugee populations sometimes forcing 
researchers to exclude immigrant/refugee population from their studies. The consequence 
of such exclusion could cause systematic bias which makes generalization of findings 
impossible. 
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The use of existing tools which are already validated is time saving and 
convenient. Such use will save the amount of money and time to develop a new tool and 
most importantly it helps to gather more information on the psychometric properties of 
existing tools in various populations. Use of a tool developed for one culture in a 
different culture requires examining its cultural relevance for the culture it is being 
planned to employ. This process requires adaptation of the tool from the source language 
into the target language (i.e., the language into which the tool is to be translated) without 
losing its original meaning in the process. Instrument adaptation encompasses conceptual 
meanings in the source language within the context of the translation process. This will 
help to maintain construct equivalence and content representation across the two 
languages. Therefore, cross cultural adaptation of health status measurement tools for a 
new culture and language requires a systematic methodology to achieve equivalence 
between the original or source tool and target version of the tool. The objective of this 
study is to translate and adapt the 20- item Center for Epidemiologic Studies-Depression 
(CES-D) scale into Tigrigna language and test its psychometric properties in Tigrigna 
speaking Eritrean immigrants/refugees in the United States. 
The terms “refugees” and “immigrants” have been used interchangeably in the 
literature. Although a refugee movement is similar to an immigrants‟ movement, the 
former is used for individuals who left their territory because of political events rather 
than economic interest. In this study the term immigrants is used to describe all Eritreans 
who left Eritrea during the long war for independence with Ethiopia and those who 
continue to flee from militarism, political repression, fear of another round of boarder 
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conflict with Ethiopia, and those who came through programs like diversity visa, family 
reunion, and education and currently reside in the United States. 
Because of its post colonial era annexation with its neighbor Ethiopia in 1962, 
Eritrea as a country is less familiar to the rest of the world. Therefore, it often requires 
some detailed background information to introduce readers to this small new east African 
nation in the horn of Africa, along the coast of the Red Sea. Like the formation of almost 
all nations in Africa, Eritrea is a product of modern colonialism by Italians from 1885 to 
1941. The unique thing about the history of colonialism in Eritrea is that it is the only 
African country denied of its right for independence and forcefully annexed by Ethiopia 
making Eritrea one of its provinces. The forceful annexation of Eritrea in 1962 sparked 
one of the longest wars for independence in the history of Africa and Eritrea gained 
independence in 1991. Between 1991 and 1998, war, destruction, and oppression seemed 
to be replaced with a bright future with promises of development and prosperity 
specifically for Eritrea and for the horn of Africa in general. However; this hope didn‟t 
last long and in 1998 another border conflict erupted between Eritrea and Ethiopia, 
creating new problems for the people of Eritrea in particular and the horn of Africa in 
general. 
The 30 year long struggle for independence, the recent boarder conflict with 
neighboring Ethiopia, and  the existing political & socioeconomic situation forced  and is 
still forcing Eritrean men and women to leave their villages and cities and seek shelter in 
neighboring countries, mainly the Sudan. The first recognizable influx of Eritrean 
refugees to the Sudan began in March 1967 (Gaim, 1987). This initial entry of Eritrean 
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refugees to neighboring country Sudan continued with other mass influxes between late 
sixties and late seventies. 
To my knowledge there is no reliable documented statistics on the actual number 
of Eritrean immigrants worldwide. However, different sources have estimated the number 
to be about one million which is about one-quarter of the Eritrean population (Hepner & 
Conrad, 2005). The first Eritrean immigrant students and workers came to the US 
following the Immigration Act of 1965. However, a resettlement program of Eritreans 
from refugee camps in Sudan following the Refugee Act of 1980 was the time Eritreans 
began to resettle in the United States in relatively large numbers (Gaim, 1985). 
According to a report by the United States Commission for Refugees, from 1988 to 1992 
alone 21, 901 Eritreans and Ethiopians entered the United States (USCR, 2001). 
Woldemichael (1998) estimated the number of individuals resettled between 1975 and 
1994 to be about 33,200. This statistics doesn‟t differentiate between Eritreans and 
Ethiopians. Since the mid 1990s the number of Eritrean immigrants in the US has also 
been growing fast because of newly arriving Eritreans through diversity program, family 
reunion, and recently also asylum seeking immigrants. According to reports from 
Eritrean Embassy in the United States, in 1993 about 20, 000 Eritrean immigrants (18 
years old and above) participated in the national referendum for independence. According 
to some sporadic reports from Eritrean websites, a minimum of 150, 000 Eritreans are 
believed to reside in the United States at present. Many of these immigrants have 
firsthand experience of violence while being in Eritrea or in refugee camps. 
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Statement of the Problem 
In the year 2002, the United States Preventive Services Task Force (USPSTF) 
recommended screening of depression in primary care settings (Pignone et al., 2002).The 
cross-cultural differences in the incidence and prevalence of depressive symptoms are not 
necessarily genuine variations. Those differences are far from true biological differences 
and could be reflections of multiple causes including perception of interpersonal 
interactions (Boutin-Foster, 2008). For example  Cole et al. (2000), found out that 
African-Americans who scored high on the CES-D scale were more likely to report that 
other people were unfriendly toward them or that they felt disliked by others. Barnes et 
al. (2004) also reported strong correlation between perception of maltreatment and 
rejection with depressive symptom. The growing number of immigrants in the United 
States has promoted an interest in validating various screening instruments among 
different groups of immigrants. Immigrant populations in the United States are extremely 
diverse in terms of culture, language, socioeconomic status (SES), pre immigration 
experience, and even post immigration experiences. For example immigrants from Eritrea 
do have different experience than those from other African countries such as Nigeria. 
Despite  such variation, no study has been done to investigate the mental health status of 
Eritrean immigrants who are among the first group of immigrants to the United States, 
and  arguably among immigrants who experienced multiple traumatic events prior to and 
during their immigration process.  
Eritrean immigrants are among the first group of immigrants from Africa 
following the immigration act of 1965 in the United States. In the past two to three 
decades they were able to establish strong community based organizations through 
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gatherings in church, national holidays, and national youth sport festivals. These 
community gatherings have helped them to establish social support system. However, 
through my personal experience and informal meetings with Eritrean immigrants in the 
US, I was able to notice mental health related issues as witnessed by the presence of 
immigrants with severe mental disability, sporadic incidences of suicide, and homicide. 
Unfortunately, despite being at risk of mental health problems because of their 
experiences of violence in Eritrea, refugee camps, and through their journey all the way 
to the US, nothing has been done to study mental health problems in Eritrean Immigrants. 
This study is the first step to translate and adapt the Center for Epidemiologic Studies-
Depression (CESD [Radloff, 1977]) scale into Tigrigna language to study the prevalence 
of depressive symptoms in Eritrean immigrants in the United States.  
Significance of the Study 
Cross-cultural research is a preferred strategy in studying health problems like 
depression because conceptions related to depression are often ethnocentric (Marsella, 
1981; Kleinman, 1982). Hence, cross-cultural approach helps to investigate universal and 
specific causes, manifestations, and experiences of depressive symptoms. Traumatic 
experiences in refugees are often the results of events that continue to happen from the 
native country and into the host country. Examples of traumatic experiences often faced 
by immigrants include: political repression, detention, torture, terror, battlefield 
experiences, disappearance of relatives and friends, separation and loss of families and 
friends, hardships during the flight or in refugees camps, and loss of social status. Often 
immigrants are a more vulnerable group compared to members of their respective 
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population at their country of origin and hence are at greater risk of developing mental 
health problems like depression (Gaim, 2009). 
Each culture has its own way of defining and manifesting health problems making 
the detection and management of such conditions more difficult in immigrants because 
often the cultural background of health professionals in the host nation do not share the 
immigrants‟ cultural background. Most immigrants from Eritrea speak little or no 
English. Hence difficulty in communication can cause uncertainty about the meaning of 
both written and verbal interactions.  
A Patient centered health care system with emphasis on early detection and 
prevention of health problems is becoming the focus of global health care system. This 
kind of health care system allows individuals to be involved actively by accurately 
reporting their feelings, functional abilities, symptoms, and perceptions. Therefore the 
type of measurement tool used to measure an individual‟s health condition should deliver 
the assessment items to the individual patient without ambiguity to gather relevant 
information about the individual‟s health condition. Most health status measurement tools 
at present have been developed in English and their psychometric property also tested in 
groups for whom the tool was intended making cross-cultural use of such tools 
problematic. A Tigrigna version of the CESD- scale in addition to its use for Eritrean 
immigrants, potentially it could be used also by Tigrigna speaking Ethiopian immigrants 
who basically share a very similar culture. 
Several issues underscore the importance of translating and adapting the CES-D 
scale into Tigrigna language for use in Eritrean immigrants in the United States: studies 
show that language used to administer a measurement tool affect the way people answer 
 
 
8 
 
questions, there is considerable variation between different immigrant groups and a study 
done in one immigrant group about depression cannot be generalized to another  group of 
immigrants, and in Eritrean culture, generally people are reluctant to talk about mental 
health issues like depression as there is social stigma associated to it. Therefore, mental 
health issues like depression remain obscured until they become serious. Hence, 
translation and adaptation of screening tool would help to identify immigrants with 
symptoms of depression before the symptoms get worse (Mills & Henretta, 2001). 
Developing Tigrigna version of CES-D scale will help to assess the extent of depressive 
symptoms in Eritrean Immigrants in the United States which will further provide basis 
for facilitating comparison of depressive symptoms with other immigrants and 
endogenous citizens of the United States.  
The translation and adaptation of the CES-D scale into Tigrigna language for use 
in the Eritrean immigrant community requires careful design and through validation to 
ensure that cognitive concepts in the original tool can be appropriately translated and 
applied to the Eritrean culture. This study will be guided by set of rigorous guidelines 
(see method section) to develop Tigrigna version of CES-D scale which has sound 
psychometric properties to measure depression symptoms in Tigrigna speaking Eritrean 
immigrants and potentially also Tigrigna speaking Ethiopian immigrants in the United 
States. 
The selection of the CES-D scale among other available depression symptom 
measurement tools is based on the satisfactory psychometric properties of the tool in 
cross cultural studies. The tool has been translated to number of languages including 
Chinese, Greek, Korean, Armenian, Arabic, and Spanish and proven to have good 
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psychometric properties. The twenty items used in this tool are short and relatively easier 
to understand. Moreover, most items were rated well in terms of their comprehension and 
cultural equivalence by the principal investigator and selected individuals from Eritrean 
immigrants. 
Research Questions 
In this study the following three questions will be answered: 
 Research question one: Do items in the Tigrigna version demonstrate comparable 
loadings with items in the English version? 
 Research question two: Does the Tigrigna version CES-D scale replicate the 
psychometric properties of the original CES-D scale. 
 Research question three: Does the Tigrigna version CES-D scale replicate the four 
factor model initially suggested by Radloff (1977)? 
Specific Aims 
The specific aims of this study will be: 
1. To translate and adapt the CES-D scale from original (English) language to the 
target (Tigrigna) language for use in Eritrean immigrants in the Unites States 
2. To test the psychometric properties of the new Tigrigna version CES-D scale 
Summary 
Eritrea is a small new country in the horn of Africa along the cost of the Red Sea. 
The population of Eritrea is estimated to be around four million and about one-quarter of 
the total population is believed to be in diaspora during the 30 years long war for 
independence. In recent years following the eruption of new boarder conflicts with 
Ethiopia in 1998, thousands of Eritreans fled the country to escape political repression, 
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military conscription, and economic hardship increasing the number of Eritreans living 
abroad even more. The United States is one of the home countries for Eritrean 
immigrants and sporadic reports estimate the number of Eritrean immigrants in the 
United States to be around 150, 000. While at home and through their journey to the US, 
these immigrants have had multiple experiences of traumatic events which affect their 
mental health in the process. Therefore, studying mental health conditions like depression 
among this vulnerable group of immigrants is crucial. However, a culturally appropriate 
measurement scale to study prevalence of depressive symptoms is lacking. This study 
aims to translate and adapt the existing CES-D scale into Tigrigna language for use in 
Eritrean immigrants in the United States. The development of this tool will help to detect 
depressive symptoms in the Eritrean immigrant population and potentially also Tigrigna 
speaking Ethiopian immigrants. Detection of such symptoms will serve not only to 
facilitate early referral and treatment but also can be used for planning and designing 
preventive measures. 
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Chapter Two 
Review of Literature 
Introduction 
This Chapter provides an extensive review of the literature related to depression 
in immigrant populations and appropriate methods to measure depression in this specific 
population. A search of articles published in English using terms: Eritrea, immigrant, 
refugee, mental health, depression, and United States in CINAHL, Pub Med, PsycINFO, 
Web of knowledge, and Google scholar data bases could not retrieve even a single article 
on Eritrean immigrants. Then, the search was broadened to African immigrants using the 
combination of key words mentioned above. Closer review of pulled articles using this 
search method showed that most studies were done based on immigrants from diverse 
parts of the world and in most cases the description of immigrants‟ background is not 
clear. Therefore, the author decided to include all relevant studies irrespective of the 
origin of the immigrants included in the study. 
Eritrean Immigrants in the United States: Historical Perspectives 
Before the 1970s, migration of Eritreans was rare. The first mass immigration 
started in the mid and late 70s when the war between the Eritrean People Liberation Front 
(EPLF) and Ethiopia reached its climax. The problem continued until Eritrea gained its 
independence in 1991. As a result, in 1991 about one-third of the total Eritrean 
population was in exile. Between 1991 and 1998; war, destruction, and oppression seem 
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to be replaced with a bright future with promises of development and prosperity for 
Eritrea. However, in 1998 another border conflict erupted between Eritrea and Ethiopia. 
The war combined with political suppression and endless military conscription created 
new waves of emigration. After spending many years of hardship in refugee camps, 
Eritreans who met immigration criteria of countries like the United States were granted 
asylum status and resettled. At present, the total number of Eritrean immigrants in the 
United States is estimated to be more than 150, 000 (Kibreab, 2009). According to recent 
report by the United Nations Higher Commission for Refugees (UNHCR), Eritrean 
immigrants receive the highest approval rate of asylum all over the world (UNHCR, 
2009).  
From 1971 to 1980, a total of 2,991 African refugees were admitted into the 
United States. Many of these individuals (1,307 or 43%) came from Ethiopia. During this 
time Eritrea was considered to be part of Ethiopia and immigrants from Eritrea are 
included in this report as Ethiopians. The number of refugees admitted from Africa 
increased 10 fold to 22,149 in the 1980s. In 1991-1992 alone, almost 10,000 African 
refugees were admitted as permanent residents, with the majority of these individuals 
(6,850 or 74%) from Ethiopia. This surge of African immigrants to the United States 
underscores the importance of educating health care workers about the special medical 
needs of this group (Getahun, 2007). 
Background Information on Depression 
Depression is one of the oldest known psychiatric problems. Yet, in spite of the 
enormous scientific work done in the field, depression remains among the major health 
problems worldwide affecting about 121 million people. According to the World Health 
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Organization (2008) report, depression is the leading cause of disability as measured by 
Years Lived with Disability (YLDs) and the fourth leading contributor to the global 
burden of disease Disability Adjusted Life Years (DALYs) in 2000. The same report 
projected that by the year 2020, depression will be second in the ranking of DALYs 
calculated for all age groups and both genders. Currently, depression is second in the 
DALYs ranking for males and females 15 to 44 years of age. In the United States major 
depressive disorder affects approximately 14.8 million (6.7%) in a given year (WHO, 
nd). There are no statistics on the prevalence of depression in Eritrea or Eritrean 
immigrants in the United States. 
The annual cost of depression in the year 2000 was estimated to be around 83.1 
billion US dollars in lost workdays each year. Of this total cost, 31% was associated with 
direct treatment cost, 7% was related to post depression suicide, and the remaining about 
55% was associated with work place costs (Greenberg et al., 2003). Two-thirds of the 30, 
000 reported suicides in the US each year are related to depression. According to the 
2004 US mortality statistics, suicide was the 11
th
 leading cause of mortality (Center for 
Disease Control and Prevention, 2005). Anecdotal reports from different media sources 
and personal contacts show that there are incidences of suicide among Eritrean 
immigrants. However, there is no evidence if depression is a factor. 
Mental Health and Immigrants 
There is minimal research in the area of mental health among African immigrants 
to the United States. Available literature about mental health issues of African 
immigrants is mainly from European countries, Canada, and Australia. Most of these 
studies reported increased rates of mental illness among African immigrants, compared 
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with native born individuals. For example Selten & Sijiben (1994), reported higher initial 
admission rates for schizophrenia among young male immigrants from Morocco 
compared with their native born counterparts. Severe psychopathology has also been 
reported among Ethiopian immigrants in Israel (Arieli & Ayche, 1993). In a study done 
in Sweden, immigrants reported poorer mental health than the Sweden-born population 
(Sundquist, Behmen-Vincevic, & Johansson, 1998; Persson, 2000). 
In contrast, several studies have reported better health in immigrants‟ compared to 
the endogenous society (Chen, Ng, & Wilkins, 1996; Collins & Shay, 1994; Hernandez 
& Charney, 1998; and Vega et al., 1998). These findings are not consistent with the 
mental health and migration model (Beiser, 1990). This model explains how premigration 
and post migration experiences cause stress and how other variables such as age, gender, 
social support, and other personal attributes affect mental health outcomes of immigrants. 
Findings of the above studies could be the result of the effectiveness of the immigrant 
selection process and may require further investigation. For example, Fenta, Hyman, and 
Noh (2004), studied a random sample of 342 Ethiopian immigrants and refugees in 
Toronto and found a higher rate (9.8%) of depression in Ethiopian immigrants compared 
to the general public in Ontario (7.3%). In this study depression was measured using the 
Composite International Diagnostic Interview questionnaire 
It is evident that significant gaps exist in knowledge of mental health needs of 
African immigrants in the United States. For example there were no studies on in the 
health status of Eritrean immigrants in the United States. These gaps can be addressed by 
developing culturally appropriate measurement tools to collect appropriate data to 
understand mental health care needs of immigrants from Eritrea.  
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Types of Immigrants 
The terms refugees and immigrants have been used interchangeably in the 
literature. Although a refugee movement is similar to immigrants‟ movement, the former 
is used for individuals who left their territory because of political events rather than 
economic interest. In this study the term immigrants is used to describe all Eritreans who 
left Eritrea during the long war for independence with Ethiopia and those who continue to 
flee from militarism, political repression, fear of another round of boarder conflict with 
Ethiopia, and those who came through programs like US Diversity Visa lottery program, 
family reunion, or education, and currently reside in the United States. 
Overall immigrants are grouped into three different categories: voluntary, 
involuntary, and illegal/undocumented. Voluntary immigration indicates that the 
individual‟s migration process had element of his/her personal choice. According to 
different reports, most immigration is voluntary, but personality characteristics, combined 
with family dynamics, may diminish the voluntary nature of the decision to resettle 
particularly in the case of the young or seniors. Involuntary immigration is often a 
common characteristic of refugees, whose freedom of choice is limited or taken away by 
local, coercive social forces. Illegal immigrants are those who bypass official channels 
for residency. This third group is believed to be at greater risk of depression compared to 
the former two groups of immigrants because of their unique source of stress from fear of 
detection by officials in the host country.  
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Depression in Immigrants 
For decades it has been said that depressive symptoms are common in immigrant 
populations mainly during the first few years of resettlement. Such conclusion has been 
widely accepted because there is a general understanding that the immigration process is 
characterized by hardships and challenges that are believed to negatively impacts 
immigrants‟ mental health. A number of studies reported that rates of mental health 
problems are relatively higher among migrants (Chung, Bemak, Ortiz, & Sandoval-Peres, 
2008).  
Some of the experiences faced by immigrants are loss/death of friends or family 
members, torture, and unhealthy living environment (Bemak, Chung, & Pedersen, 2003). 
Finding employment with a reasonable salary is also a challenge mainly because of the 
language barrier or certification issues within host country and could lead to depression 
(Hermansson, Timpka, & Thyberg, 2002). The settlement process for most immigrants 
includes experiences like loss of status, employment, family, possession, absence of 
social support, discrimination, and significant cultural differences between the country of 
origin and location of resettlement (Bhugra, 2003). Researchers who investigated the 
impact of immigration on mental health do not include a strong argument for migration 
specific effects. Mental health problems in immigrants could be a result of multiple 
factors like general health including mental health, employment status, and immigration 
itself (Wren & Boyle, 2001). 
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Epidemiology of depression 
Epidemiologic evidence of prevalence of mental health problems, including 
depression in immigrants ranges widely and/ or conflicts with each other making 
conclusions difficult to made (Hollifield et. al., 2002). One of the biggest issues when it 
comes to determining the epidemiology of depression is the issue of the conceptualization 
and measurement of the term depression by researchers. Cross culturally comparable 
ways of describing the nature and experience of well-being and illness are obviously 
needed to study mental disorders in different ethno-cultural groups. In part, the language 
used by a specific group to explain health status is influenced by what group members 
consider relevant to their feelings, experience, and symptoms (Aday, Ronald, & 
Gretchen, 1980; Jones & Korchin 1982). This cultural selectivity in talking about mental 
health conditions include beliefs about illness and the symbolic meanings attached to 
mental disorders. Therefore, a detailed understanding of the nature of mental disorders in 
specific ethno-cultural groups is very important to design a valid measurement scale for 
that specific group. While translating already existing validated tool into another 
language is appropriate, researchers should pay extra attention beyond word for word 
translation because usage of words to express feelings of mental states may not be the 
same in the original and target language. If concerns of conceptualization, measurement 
tool, and methodology are not addressed, measuring immigration specific depression will 
be difficult.  
Center for Epidemiologic Studies Depression (CES-D) scale 
The Center of Epidemiologic Studies Depression scale (Radloff, 1977) has been 
one of the most commonly used depression scales. A Pub Med search using the key 
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phrase 'Center for Epidemiologic Studies Depression Scale' retrieved 2592 articles. It was 
developed with an intention to have a short and cost effective depression tool for use in 
community surveys (Comstock & Helsing, 1976, Weissman et al., 1977) by the Center 
for Epidemiologic Studies at the National Institute of Mental Health (NIMH).The 
development of the CES-D scale was not guided by a theoretical framework. Rather is 
was developed by incorporating items from previously developed depressive inventories, 
including Zung‟s Depression Scale (Zung, 1965), Beck‟s depression Inventory (Beck et 
al., 1961), a scale developed by Raskin et al. (1967), and a scale developed by the 
Minnesota Multiphase Personality Inventory (MMPI). 
The CES-D scale measures the breadth of depressive disorder symptoms. It is a 
screening tool for use in community based surveys. It cannot be used to measure progress 
of depressive symptoms.  Therefore, it cannot be used to assess the effectiveness of 
treatment or intervention. It takes about five minutes to complete the 20 item CES-D 
scale tool. Items were selected from other tools based on their relevance to six major 
symptom areas indentified (mood, guilt, hopelessness, psychomotor retardation, loss of 
appetite, and sleep disturbance). The 20 items used in this tool are therefore believed to 
fit into one of these six areas of depressive symptoms. It is one of the most accepted and 
frequently used tools to measure symptoms of depression (Murphy, 2002). The CESD 
scale is cost effective and can be administered, scored, and interpreted by a lay person. 
The scale is brief and fits a single A-4 size paper making its administration easier. 
Each item is measured on a 4 point Likert scale that ranges from zero to three. A value of 
zero for an item indicates that the symptom occurred rarely, i.e., less than one day or not 
occurred at all and the maximum value 3 means the item under investigation occurred 
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most or all of the time, i.e., five to seven days. For sixteen of the twenty items in the 
instrument, a higher score represents more impairment. For the remaining four items, the 
cores are reversed, i.e., higher score represent less impairment.  The total score can range 
from zero to sixty and higher scores are interpreted as more depressive symptoms. A 
score of 16 or more is associated with the presence of depressive disorders irrespective of 
socio-demographic variations. The CES-D scale uses ordinal categories that express the 
breadth of symptoms of depressive disorder for the purpose of epidemiologic screening. 
Measurement equivalence of CES-D scale 
The CES-D scale has been widely accepted for community based epidemiologic 
studies. However, group differences are reported in the CES-D items across diverse 
racial/ethnic groups (Cole et al., 2000; Perreira et al., 2005),  age (Gatz & Hurwicz, 1990; 
Hays, Landerman, George, Flint, Koening, Land et al., 1998), gender (Posner, Stewart, 
Marin, & Perez-Stable, 2001), and instrument language (Roberts et al., 1990). These 
observed group differences in the CES-D scale could be true or artificial differences. The 
effect of race/ethnicity on the measurement properties of the CES-D has not been fully 
identified. Most previous studies of measurement bias in the CES-D scale have focused 
on subscale instead of individual item analysis to trace differential responses across 
racial/ethnic groups (Nguyen et al., 2004; Perreira et al., 2005). Cole and colleagues 
(2000) compared two racial/ethnic groups and found evidence for racial/ethnic item bias 
in the CES-D scale. The authors suggested that Blacks were more likely to endorse 
higher levels of the two interpersonal problem items (“people are unfriendly” and “people 
disliked me”). 
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Cross-cultural Applicability of CES-D Scale 
The accuracy with which the CES-D can assess depressive symptoms across 
racially or ethnically diverse groups of people is one of the critical questions in cross-
cultural depression research. Because optimal depression screens and optimal cut-scores 
have not been identified for racially or ethnically diverse populations like immigrants, it 
is important to review evidence for and against the utility of the CES-D scale for 
depression in a group of immigrants and also to identify if the existing optimal cut-score 
works also in different immigrant populations. Given the fact that numerous cross-
cultural and cross-national studies on depressive symptoms have used the CES-D scale 
and the main purpose of this proposal is to translate, adapt, and then evaluate the 
measurement properties of the CES-D scale in Eritrean immigrants and refugees here in 
the United States, it is wise to review studies that addressed the cross-cultural 
applicability of the CES-D scale. 
The CES-D has been used in a number of cross-cultural populations to measure 
depressive symptoms by scholars in various fields of study. The majority of these studies 
have compared prevalence rates and means of the CES-D across racial/ethnic groups and 
reported evidence of differences in both prevalence rates and means across those groups 
(Foley et al., 2002; Mackinnon, McCallum, Andrews, & Anderson, 1998). For example, 
comparing group means of the CES-D scale among Japanese, Taiwanese, African 
Americans and Whites in the United States., Krause and Liang (1993) showed that 
Japanese elders had the lowest mean scores on overall depressive symptoms, followed by 
Taiwanese, Whites, and African Americans. In a study by Inoba and colleagues (2005) 
Japanese also demonstrated lower mean scores on the CES-D scale than Whites.  
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Some studies reported prevalence of depressive symptoms as measured by the CES-D 
scale across and within racial/ethnic groups to be 3.5% for Germans (Papassotiropoulos 
& Heun, 1999); 13.2% for Hispanics and 9.2% for Whites (Swenson et al., 2000); 14% of 
African Americans (Foley et al., 2002); 19.8% for African Americans (Baker, Velli, 
Freidman, & Wiley,1995); 25.3% for Koreans (Cho, Nam, & Suh, 1998); 25.4% for 
Mexican Americans (Gonzalez, Haan, & Hinton., 2001); and more than 30% for Korean 
Americans (Jang Kim & Chiriboga, 2005).  These studies used the cut of point of 16 as 
recommended by the initial developer. Given the evidence for different means and rates 
of probable depression across racial/ethnic groups, a major issue with regard to cross-
cultural applicability of the CES-D instrument is the extent to which such racial/ethnic 
group comparisons reflect true differences in the depressive symptoms or conversely, 
how much is due to measurement variance in the construct of interest. 
Factor analyses of the CES-D have been conducted since its initial development. 
In the first study, four specific factors were identified (Radloff, 1977). These four factors 
are described as depressed affect (DA), positive affect (PA), somatic vegetative (SV), and 
interpersonal (IP). Several studies have found that the CES-D has acceptable internal 
consistency as well as Radloff‟s (1977) four-factor solution of depressive symptoms in 
different racial/ethnic groups (Blazer, Landerman, Hays, Simonsick, & Saunders, 1998; 
Krause & Liang, 1993; Roberts, 1980). Two studies by Roberts and colleagues (Roberts, 
1980; Roberts, Vernon, & Rhoades, 1989), for example, showed acceptable reliability of 
the CES-D in Mexican-Americans, African Americans, and Anglo Americans. 
However, subsequent factor analysis suggested different factors than four factors- 
suggested by the original author. Some examples of studies that used factor analysis to 
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indentify factor structures of CES-D and confirm or fail to confirm existing structures 
include: a two factor structure of depressed affect (DA) & positive affect (PA) (Edman et 
al., 1999); a three factor structure of DA and somatic, positive/wellbeing, and 
interpersonal(IP) (Guarnaccia, Angel, & Worobey, 1989); a four factor structure of  DA, 
somatic-retarded activity, PA/well-being, and IP(Golding, Aneshensek, & Hough,1991; 
Radloff, 1977; Shafer, 2006); and a seven factor structure of DA, Somatic-retarded 
activity, PA/well-being, IP, anxiety, introspection and crying (Callahan & Wolinsky, 
1994).  
The inconsistency in the factor structure of CES-D in different racial/ethnic 
groups and patient groups is a cause of concern that cultural differences might exist in the 
way individuals express depressive symptomatology (Rhee, 1999). Variations in samples 
and methodology used in the studies above make it hard to compare findings. But, cross-
cultural studies using the CES-D scale support its general usefulness for assessing 
depression in diverse groups of adults. Diverse findings from studies mentioned above 
might suggest that cultural factors may impact the way people from different racial or 
cultural background report depressive symptoms.  
Health Disparities 
Cross cultural studies in the past few years reported significant physical health 
and mental health differences across different ethnic/racial groups (Neighbors, 
Trierweiler, Ford, & Muroff, 2003). However, it is not well known whether these 
observed differences across culture are true differences, or just reflect cultural bias in the 
measures used. The assumption that concepts can be measured in the same way for all 
groups of people with different race/ethnic and cultural background is not always 
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realistic. For example, an item might not have the same meaning for either 
raters/interviewers or respondents of different ethnic/racial backgrounds. Such difference 
in interpretation of the meaning of a given item will impact the way the individual will 
report about his/her health. True extent of a disorder among groups might be masked if 
measures that do not take into account the cultural norms of a particular group are used. 
This might not be an issue in variables that do not rely on self-report. However, for many 
other constructs that affect health outcomes, such as depression, conceptual variations in 
self-reported measurements among different cultural groups exist and this will affect 
accuracy of measurement. 
Measurement Equivalence in Cross-cultural Study 
One major issue related to assessing the cross-cultural comparability of depressive 
symptoms has been the equivalence of measures (Bravo, 2003; Liang, 2002). The issue of 
equivalence is more important when self-report screening measures are involved (Liang, 
2002). A valid and reliable measurement scale in one language often loses meaning and 
context after translation. Even with accurate translation, the problem of different nuances 
unique to different cultures may not be completely avoided (Bravo, 2003). Failure to 
substantiate the equivalence in a depression instrument in different languages for 
different group of people is potentially serious because it may lead to inaccurate 
prevalence rate and misleading group comparisons (Vandenberg & Lance, 2000). 
Conceptual Equivalence 
Conceptual equivalence is the most basic type of equivalence and implies that 
research materials or observed behaviors have the same meaning in two or more cultures 
(Liang, 2002). Hui and Triandis (1985) identified conceptual equivalence as a necessary 
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condition for making cross-cultural comparisons. Conceptual equivalence can be 
evaluated by using back-translation, focus groups, and in-depth interviews.  
Metric Equivalence 
Assuming conceptual equivalence, metric equivalence assures that a given 
measurement specification can be applied to different cultures (Liang, 2002). Metric 
equivalence occurs when the factor loadings of items in the depression instruments are 
invariant across two or more cultural groups (Crockett, Randall, Shen, Russel, & Driscoll 
2005). Confirmatory factor analysis (CFA) is a widely used approach to evaluate metric 
and structural equivalence simultaneously (MacCallum & Austin, 2000). 
Structural Equivalence 
Structural equivalence refers to similarities in the causal mechanism between a 
construct of depression and its consequences across different racial/ethnic groups (Liang, 
2002). Structural Equation Modeling (SEM) and path analysis have been widely 
recommended to evaluate structural equivalence (Crockett et al., 2005).  Most researchers 
agree that SEM is the most versatile approach to evaluating metric and structural 
equivalence simultaneously (Byrne & Watkins, 2003; Liang, 2002; MacCallum & 
Austin, 2000). 
Approaches for Cross Cultural Studies of Depression 
Cross-cultural comparative studies involve consideration of two central 
perspectives called the emic and etic approaches (Brislin, Lonner, & Thorndike, 1973; 
and Canino, Lewis-Fernandez, & Bravo, 1997). The former approach exhibits the internal 
perspective of the researcher, while the later exhibits the external perspective of the 
researcher (Morris, Leung, Ames, & Lickel, 1999). Emic approach Utilizes 
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characteristics and observations that are culturally unique to a particular group at a given 
period in time (Rait & Burns, 1998). This approach does not support comparative (e.g. 
cross-cultural) research as it looks at variables in terms of language and culture. 
Therefore, instrument developed in one culture may not be useful in other culture. The 
etic approach, on the other hand, is comparative in nature and is directed at extracting 
standardized categories of phenomena excluding local distinctions (Canino et al., 1997). 
Emic Approach 
The emic approach explores the internal logic of a given culture and its 
uniqueness because the approach considers these factors as a necessary step prior to any 
valid cross-cultural analysis. Hence, it does not allow cross-cultural comparisons using 
identical constructs and standardized diagnostic interviews as case-finding instruments 
(Cheng, 2001). The emic approach is quite useful in understanding the relatively unique 
characteristics of the manifestation of depressive symptoms in a given ethnic group 
because it focuses on examining a construct from perspectives of a specific culture. That 
is, understanding that construct of interest as individuals from within that culture 
understand it (Schaffer & Riordan, 2003). 
Etic Approach 
The etic cross-cultural research approach on depression presumes that the etiology 
of depression is global and key constructs of depression exist equally across the 
boundaries of all cultures. Often times cross-cultural researchers utilize the etic approach 
for the cross-cultural comparative study of depression highlighting the search for 
equivalence across cultures and using similar methods, constructs, and measures across 
groups in an attempt to increase the generalizability of their research findings (Schaffer & 
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Riordan, 2003; van de Vijver, 2001). In sum, both emic and etic approaches have their 
own advantages and disadvantages. Hence, combining the two approaches would benefit 
cross cultural researchers who are interested in translation and adaptation of measurement 
scales. 
Translation of Measurement Scales into another Language 
Translation of measurement scales from one language to another has been 
practiced for decades. The Council of International Test Commissions (ITC) recognized 
the importance of developing guidelines for test translation and adaptation in 1991.This 
resulted in the development of the first guidelines in 1994 which were updated in the year 
2005 to meet the even growing field of psychometrics (Schaffer & Riordan, 2003). 
Translation Methods 
Using a previously developed measurement scale with established psychometric 
properties for cross cultural research has been a common practice. This practice has been 
advocated for its cost effectiveness and its contribution to psychometric properties of the 
scale used in cross cultural studies (Yu, Lee, & Woo, 2004). Translation of a scale from 
source language to a target langue requires more than proficiency in the source and target 
languages. It requires rigorous methodology and in-depth understanding of the construct 
under consideration from the perspectives of both cultures (John, Hirsch, Reiber, & 
Dworkin, 2006). 
The recommended procedure for translating research instruments is known as the 
back translation method. The objective of using this method is to ensure the equivalent 
meaning of items in both languages. This is accomplished by having questions in the 
source language translated by bilingual person, preferably from the target culture, into the 
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target language. Another bilingual individual then translates the items from the target 
language back to the source language. The two source language versions are then 
compared for equivalence. This process can be repeated until satisfactory equivalence is 
obtained. 
The shortcoming of this procedure is that researchers have no knowledge of the 
number of translators required to accomplish the task, because the procedure 
recommends translation and back translation until concept equivalency is reached 
between the original instrument and the translated version of the instrument. Pilot testing 
of translated scale in a selected sample from the target population is essential. Pilot 
testing can help to identify and fix problems which were not identified by translators. 
Challenges of Translations 
Brislin and Colleagues (1973) identified three major potential errors committed 
by researchers during the process of translation. The first most common error is distortion 
of the meaning of a word or phrase. Second, adding extra meaning to the intent of the 
original item, and thirdly deleting meaning of some words in the original version 
inappropriately. Often, these errors are detected during the back translation process. 
CES-D Scale Translations 
The CES-D scale has been translated into different languages for use including: 
Spanish (Roberts et al., 1989; Chiriboga, Jang, Banks, & Kim, 2007), Japanese (Shima, 
Shikano, Kitamura, & Asai, 1985; Kanazawa, White, & Hampson,  2007), Chinese 
(Cheung & Bagley, 1998), Italiana (Fava, 1983), Greece (Fountoulakis et. al., 2001), 
Arabic (Ghubash, Daradkeh, Naseri, Al Boushi, & Daheri,  2000), Armenian (Van Trtan, 
1997), Portuguese (Goncalves & Fagulha, 2004), Korean (Noh, Avison, & Kaspar 1992), 
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Germany (Hautzinger, 1988), French (Fuhrer & Rouillon, 1989), Indian languages 
(Gupta, Punetha, & Diwan,  2006) etc. The English version of CES-D is available for use 
for free and can be requested from the National Institutes of Epidemiology Branch. 
It is not known if the CES-D has been translated into any language for use in an 
African population. Journals published in most African countries might not be included 
in widely used data bases such as those used to search articles for this review. The 
translation of the CES-D scale into Tigrigna language would help to test the cross cultural 
use of the instrument in immigrant population from Africa. Translated instruments need 
to undergo vigorous tests of measurement invariance testing subsequent models in an 
orderly and systematic manner. Judgment about the best model that fits the data is made 
based on multiple fit indices. Below is a summary of some of the most commonly used fit 
indices in the literature. 
Absolute Fit Indices 
Absolute fit indices establish how well a model fits the sample data (McDonald 
and Ho, 2002) and ranks models based on the superiority in fit. These measures are used 
as basic guidelines of how well the proposed theory fits the data. Their advantage over 
the incremental fit indices is that, they do not require baseline model to compare with. 
They measure how well the model fits the data without the need of comparison (Jöreskog 
and Sörbom, 1993). Examples of such indices include Chi-Squared test, RMSEA, GFI, 
AGFI, the RMR and the SRMR. 
Chi-Square (χ2) 
The Chi-Square measures overall model fit and it gauges the extent of 
inconsistency between the sample and fitted covariances matrices‟ (Kline, 2010). An 
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adequate model fit would give an insignificant result at a 0.05 threshold (Barrett, 2007), 
thus the Chi-Square statistic is often referred to as either a „badness of fit‟ (Kline, 2010). 
One of its limitations is that it assumes multivariate normality and severe deviations from 
normality may result in model rejections even when the model is properly specified 
(McIntosh, 2006). Another disadvantage of this test is that it depends on sample size 
(Jöreskog and Sörbom, 1993). To overcome the second limitation the ratio of chi-square 
to the degrees of freedom is used and the acceptable ratio for this statistic, 
recommendations range from 2.0 to 5.0 (Tabachnick and Fidell, 2007). 
Root mean Square Error of Approximation (RMSEA) 
RMSEA is a measure of how well a model would fit the populations‟ covariance 
matrix (Byrne, 1998). Its advantage is that it is sensitive to the number of estimated 
parameters in the model. In other words it favors a model with fewer numbers of 
parameters. It is believed that an RMSEA of 0.08 to 0.10 provides an average fit and 
below 0.08 shows a good fit (MacCallum, Browne, & Sugawara, 1996). However, more 
recently, a cut-off value close to .06 (Hu and Bentler, 1999) or a strict upper limit of 0.07 
(Steiger, 2007) seems to be acceptable. 
Goodness-of-Fit Statistics (GFI) and the Adjusted Goodness-of-Fit Statistics (AGFI) 
The Goodness-of-Fit statistic (GFI) was introduced by Jöreskog and Sorbom 
(Tabachnick and Fidell, 2007). Its values range from 0 to 1 with larger samples 
increasing its value. When there are a large number of degrees of freedom in comparison 
to sample size, the GFI demonstrates a downward bias (Sharma, Mukherjee, Kumar, & 
Dillon, 2005). The usual cut-off point recommended is 0.90 but some recommended a 
higher cut-off point of 0.95 (Miles and Shevlin, 1998). Like the GFI, values for the AGFI 
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also range between 0 and 1. Overall values of 0.90 or greater indicate well fitting models. 
They are both sample sensitive. 
Root mean Square Residual (RMR) and Standardized Root Mean Square Residual 
(SRMR) 
The RMR and the SRMR are the square root of the difference between the 
residuals of the sample covariance matrix and the hypothesized covariance model (Kline, 
2010. The range of the RMR is calculated based upon the scales of each indicator; 
therefore, if a questionnaire contains multiple scaling, the interpretation of RMR becomes 
a problem (Kline, 2010). The standardized RMR (SRMR) addresses this problem. Values 
for the SRMR range from 0 to 1.0.  Models with values less than .05 are considered good 
fit models (Diamantopoulos & Siguaw, 2000). According to Hu and Bentler (1999), 
values up to 0.08 are also acceptable.  
Incremental Fit Indices 
Comparative Fit Index (CFI) 
The Comparative Fit Index (Bentler, 1990) is a revised form of the NFI which 
takes into account sample size (Byrne, 1998). The main advantage of this index is that it 
performs well even when sample size is small (Tabachnick & Fidell, 2007). Initially it 
was introduced by Bentler (1990). The values for this statistic range between 0.0 and 1.0 
with values closer to 1.0 indicating good fit. A value of CFI ≥ 0.95 is often times 
accepted as indicative of good fit (Hu & Bentler, 1999).  
Normed Fit Index (NFI) 
NFI is known to assess a model by comparing the χ2 value of the model to the χ2 
of the null model. Values for this statistic range between 0 and 1 with Bentler and Bonnet 
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(1980) recommending values greater than 0.90 indicating a good fit. The short coming of 
NFI is that like the chi-square, it is sensitive to sample size, and tends to under estimate 
fit when the sample size is below 200 (Bentler, 1990).  
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Chapter Three 
 
Methods 
 
Introduction 
 
Chapter three describes the methods used in translating the CES-D scale and 
analytical steps used in establishing the psychometric properties of the Tigrigna version 
CES-D scale. Contents include: details of study design, participants and settings, 
instrument/questionnaire used, translation procedures, qualitative and quantitative data 
analyses plan, and ethical dimensions of the study. Limitations are reviewed and plan for 
dissemination of the outcomes of the study is also included. 
Study Design 
This study used a mixed method design- qualitative and quantitative. The English 
version 20-item CES-D scale was translated into Tigrigna through forward and backward 
translation technique. The study has four major phases including forward-back ward 
translation, cognitive interview, pilot test, and re-test. Each phase is discussed in detail 
below under procedure section. A secondary data that consists of  CES-D scores for men 
and women 45 to 75 years old who are able to undergo baseline and annual follow-up 
visits from a prospective cohort study (see Aiyer, et al., 2007) is used to test factorial 
invariance of the CES-D scale across groups (Tigrigna speaking Eritrean immigrants and 
English speaking non Eritrean US citizens).  
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Participants and Settings 
The participants of this study are Tigrigna speaking Eritrean immigrants or 
refugees to the United States, aged 18 to 64 years (M = 37.6), at the time of interview. 
Immigrants who identify themselves as Eritrean descendants and who claim to be fluent 
in Tigrigna were recruited to be part of the study.   Community gatherings such as 
church, wedding ceremonies, and other social gatherings were used to recruit eligible 
participants. Generally, a sample size of 10 participants per item is considered to be 
adequate for factor analysis (Everitt, 1975). The CES-D scale used in this study has 
twenty items. Therefore, we planned to recruit between 200 and 250 Eritrean Immigrants 
or Refugees in the United States and ended up recruiting a total of 260 participants. 
Participants with missing data for three or more items are dropped (n=7). When the 
number of missing data is less or equal to two items, the mean score for the individual is 
substituted (n=18). In addition, ten non Eritrean US citizens and ten Eritrean immigrants 
or refugees in the United States were recruited using convenient sampling technique to 
participate in the cognitive interview (second phase of the study). Participants of the 
cognitive interview were not allowed to take part in the pilot and re-test phases of the 
study. 
In addition to the CES-D score data collected from Tigrigna speaking Eritrean 
immigrants here in the united states, CES-D score from English speaking American 
citizens in a study called “The Heart Strategies Concentrating on Risk Evaluation 
(HEART SCORE) study” [see Aiyer, 2007] is used for the purpose of testing factorial 
invariance across the two cultural groups. Participants in this study were 1918 English 
speaking healthy non Eritrean adults who are 45 to 75 years old ( M= 59.1) at the time of 
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interview. Participants in the HEART SCORE study completed the 20-item CES-D scale 
as part of a structured interview containing standard socio-demographic items, medical 
history, and other scales. The final sample size used for invariance analyses include 253 
Eritrean immigrants (male =164, female = 89) and 1918 Americans from the HEART 
SCORE study. 
Table 1 
Demographic Characteristics of Tigrigna and English Samples. 
 
Characteristics N (%) Mean(SD) 
Tigrigna  English  Tigrigna  English  
Age in Years 
     18 to 24 
     25 to 34 
     35 to 44 
     45 to 54 
     55 to 64 
     65 to 75 
     Total 
 
23 (9.1) 
86 (34) 
   85 (33.6) 
33 (13) 
   26 (10.3) 
-  
 
 
 
 
580 (30.2) 
829 (43.1) 
509 (26.7) 
 
 
 
 
 
 
 
37.5 (10.7) 
 
 
 
 
 
 
 
59.1 (7.4) 
Gender 
     Male 
     Female 
 
166 (65.6) 
  87 (34.4) 
 
661 (34.5) 
1257 (65.5) 
  
Note: SD = Standard deviation; N = Number; % = Percentage 
 
Instruments/Questionnaire 
Instrument. In this study, the English version of the 20-item CES-D scale was 
translated into Tigrigna. The CES-D scale is a 20-item self administered scale that 
measures depressive symptoms during the week before the date of interview. Each item is 
measured on a four point Likert scales that range from zero to three. A value of zero for 
an item indicates that the symptom occurred rarely or not occurred at all and the 
maximum value 3 means the item under investigation occurred most or all of the time, 
i.e., five to seven days. For sixteen of the twenty items in the instrument, a higher score 
represent more impairment. For the remaining four items (item 4, 8, 12, & 16), the scores 
are reversed, i.e., a higher score represents less impairment.  Reponses to the 20-item 
CES-D scale are summed to identify the level of depressive symptoms experienced by 
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individuals in the past week. A score of 16 or more indicates depressive risk (Radloff, 
1977).  
Internal consistency ranging from 0.8 to 0.9 has been reported. Test-retest 
reliability within two weeks was reported to be within the range of 0.4 and 0.7 (Devins et 
al., 1988). The scale also discriminated between depressed and non-depressed individuals 
in a sample of adolescent participants (Dierker et al., 2001). Table 2 lists the items 
associated with the four factors [depressive affect (DA), positive affect (PA), somatic 
vegetative (SV), and interpersonal (IP)] of the CES-D scale.  
Participants (Eritrean sample) were asked to provide brief demographic 
information including gender, age, and year of immigration. The Institutional Review 
Board (IRB) of the University of South Florida (USF) approved this study. The 
secondary data used is from a study that was approved by respective IRB. Therefore, no 
additional consent was required for the study. 
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Table 2 
CES-D Scale Items, Abbreviations, and Factors. 
 
Item Content Abbreviation Factor Item  
I felt that I could not shake off the blues even with 
help from my family or friends. 
Blues DA   3 
I felt depressed. Depressed DA   6 
I thought my life had been a failure. Failure DA   9 
I felt fearful. Fearful DA 10 
I felt lonely. Lonely DA 14 
I had crying spells. Cry DA 17 
I felt sad. Sad DA 18 
I felt that I was just as good as other people. Good PA   4 
I felt hopeful about the future. Hopeful PA   8 
I was happy. Happy PA 12 
I enjoyed life. Enjoy PA 16 
I was bothered by things that usually don‟t bother me. Bothered SV   1 
I did not feel like eating; my appetite was poor. Appetite SV   2 
I had trouble keeping my mind on what I was doing. Mind SV   5 
I felt that everything I did was an effort. Effort SV   7 
My sleep was restless. Sleep SV 11 
I talked less than usual. Talked less SV 13 
I felt that people disliked me. Get going SV 20 
People were unfriendly. Unfriendly IP 15 
I felt that people disliked me. Disliked IP 19 
 
DA= Depressed Affect, PA= Positive Affect, SV= Somatic/Vegetative, IP= Interpersonal 
 
Procedures 
Forward and backward translation. Forward and backward translation is a 
well-known method that ensures semantic and content equivalence between the original 
and translated version (Behling & Law 2000). The principal investigator identified four 
bilingual competent translators. Translators were provided with adequate instructions by 
the principal investigator regarding inferences, wording, and phrasing. The importance of 
rigorous trans-cultural translation was emphasized. The first two bilingual translators 
(TP1 & TP2) translated the CES-D scale from the original English version to the target 
Tigrigna independently. Then the two translators (TP1 & TP2) discussed and agreed upon 
the initial translated version to be used for back translation. The other two bilingual 
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translators (BTP1 & BTP2) then independently back translated the CES-D scale from the 
target Tigrigna version to the original (English) version and then discussed and agreed 
upon the back translation. The four bilingual translators (TP1, TP2, BTP1, & BTP2) then 
discussed and agreed upon the draft translation of the CES-D scale. Then the two 
versions of the CES-D scale (Tigrigna and English) were compared for content and 
semantic equivalence. This was done by three raters who examined the original scale, the 
Tigrigna version, and the back translated version. The three raters scored each item in the 
Tigrigna version in a seven point scale ranging from perfectly equivalent (7) to not at all 
equivalent (0). The scores from the three raters were averaged for each item and items 
with a score of 4 or less were translated and back translated again by separate bilingual 
individuals and another round of rating by the same three raters until an average of 4 
point score is achieved by each item. Then the Tigrigna version of the CES-D scale 
became ready for use in cognitive interviews.  
Cognitive interview. Cognitive interviews were developed to make sure that 
survey questions are interpreted in the manner they were intended. This strategy is 
accepted as a valuable part of evaluation in the process of developing questionnaires 
(Jobe & Mingay, 1989; Alaimo, Olson, & Frongillo, 1999; Carbone, Cambell, & Honess-
Morreale, 2002). In this study, before using the newly translated Tigrigna version CES-D 
scale for the pilot test, cognitive interviews were done by the principal investigator to 
assess equivalence of comprehension between the Tigrigna and English version of the 20-
item CES-D scales. Participants in the cognitive interview were asked to read or listen to 
each item in the 20-item CES-D scale and then paraphrase their understanding. Ten 
Tigrigna speaking Eritrean immigrants were asked to explain their understanding of the 
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meaning of specific expressions or words that the investigator identified as possibly 
causing difficulties in comprehension.  
Concerns about any item (even if expressed by one person) were considered as a 
problem and participants were asked to identify alternative wording to help clarify the 
item or phrasing of the instrument‟s instructions to better convey the intended meaning. 
Subsequent interviews used the same translated Tigrigna version of the CES-D scale per 
the protocol for cognitive interview. When a participant encountered a problem that had 
also been identified by a previously interviewed participant, the alternative wording 
suggested by the previous participant were used to determine if it helps to clarify the 
intended meaning of the question or wording of the instructions. Figure 1 reviews the 
steps used to translate the CES-D scale and subsequent analyses plans. 
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English Version
(CES-D scale)
Phase I
Two translators(TP1&TP2)
Translate independently to 
Target language
Phase II
TP1 & TP2 sit together &
Agree on preliminary translation
Phase III
Two translators (BTP1 & BTP2)
Back translate to source language
Phase IV
BTP1 & BTP2 sit &
Agree on Preliminary BT
Phase V TP1&TP2 discuss With BTP1 
&BTP2 & agree on translation
Phase VI 3 raters rated each item On 7pt. Scale. 
Items less or equal to 4, Back to Phase I
Draft translation Cognitive Interview
(Eritrean Immigrant/Refugee)
Final Version of
Tigrigna CES-D 
Scale
Cognitive Interview
(US citizens)
Pilot test  &  Re-test
Test Psychometric
Properties
Fig 1. Steps for Translation of CES-D Scale from English to Tigrigna
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Testing translated Tigrigna version of CES-D scale. Information about the 
study was disseminated by distributing pamphlets at Eritrean community gatherings. 
Church and community leaders were also contacted to help with disseminating 
information about the study. Potential adult participants (18 to 64 years old) were asked 
to complete the Tigrigna version of CES-D scale (see appendix A) and brief demographic 
information and return the packet to the researcher using a self addressed, stamped 
envelope. In the case of data collection in places where community event (church, 
weddings, etc) took place, participants were asked to complete and return the completed 
questionnaire to a drop box. Participants of this study were those who identify themselves 
as immigrant or refugee from Eritrea and able to read and write Tigrigna. 
Re-test. To test the stability of the Tigrigna version CES-D scale, CES-D score 
was collected from thirty participants who consented to complete the CES-D scale for the 
second time one week after the initial test.  
Statistical Analysis Plan 
Qualitative Analysis  
The audio taped cognitive interviews were reviewed by the primary investigator. 
Handwritten notes taken during the interviews were also triangulated to provide 
additional information and clarity. The data were used to assess the equivalence of 
comprehension and response error across the two languages. Based on the findings 
alterations were made to the CES-D scale questionnaire before the pilot testing to 
increase the quality of data collected. This will give more confidence in the results from 
comparative analysis of the two data sources. 
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Preliminary Quantitative Analysis 
Descriptive statistical analysis is done to investigate the shape of the data 
distribution and the pattern of response for each item of the 20 item CES-D scale across 
the two groups. Reliability analysis is used to asses scale reliability and test-retest 
reliability of the Tigrigna version CES-D scale. Internal consistency reliability was 
assessed using SPSS reliability procedure to get information on the correlation between 
each particular item and the test scale score minus the item, and the proportion of 
variance in each item that can be explained by the other items. 
Analysis of Factor Structure 
A confirmatory factor analysis using a statistical package LISREL 8.72  (Joreskog 
& Sorbom, 2001) is done to determine a statistically acceptable fit of the data collected 
using the Tigrigna version of the CES-D scale to the originally suggested four factor 
structure (Radloff, 1977). In this confirmatory factor analysis we hypothesized the 
following a priori: (a) The CES-D scale is explained by four underlying factors (SV, DA, 
PA, and PI); (b) Each item would have a nonzero loadings on the underlying factor it was 
designed to measure and zero loadings on all other factors; (c) the four factors would be 
inter-correlated; and (d) the error terms associated with each observed item (i.e., the 
uniqueness) would be uncorrelated. Figure 2 below presents schematic presentation of the 
hypothesized model. 
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Depressed
Affect
Positive 
Affect
Somatic/
Vegetative
Inter-
personal
blues
bothered
failure
fearful
lonely
cry
sad
good
hopeful
happy
enjoy
depressed
appetite
mind
effort
sleep
talked less
get going
unfriendly
disliked
ф41
ф31
ф21
ф42
ф32
ф43
λ31
λ61
λ 17,1
λ 14,1
λ 18,1
λ 10,1
λ 9,1
λ 4,2
λ 8,2
λ 12,2
λ 16,2
λ13
λ23
λ53
λ73
λ11,3
λ13,3
λ20,3
λ15,4
λ19,4
δ3
δ6
δ9
δ10
δ14
δ17
δ18
δ4
δ8
δ12
δ16
δ1
δ2
δ5
δ7
δ11
δ13
δ20
δ15
δ19
Figure 2. Hypothesized model of factorial structure of the 20-item CES-D scale (Radloff, 
1977). 
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Testing Measurement Invariance  
Translation adequacy will be demonstrated using the invariance testing procedure. 
This will be done by comparing the findings from the Tigrigna version with findings of 
secondary data from “The Heart Strategies Concentrating on Risk Evaluation (HEART 
SCORE) study” (see Aiyer, 2007) which used the twenty item CES-D scale in healthy 
American citizens, 45 to 75years of age. Item loadings, reproducibility of the originally 
recommended 4 factors, and cross cultural invariance of the CES-D items was 
investigated using systematic step by step approach recommended in structural equation 
modeling literature. 
We considered two typical methods of testing adequacy of an estimated structural 
model reported in the literature. The maximum likelihood (ML) provides a likelihood 
ratio chi-square statistic to test whether the moment matrices reproduced from the 
estimated parameters differ significantly from the observed sample moment matrices. A 
single chi-square value assessing aggregate fit across the estimated and observed matrices 
of two groups can be obtained in situations where two groups or stacked modeling is used 
(as in the case of this study). A statistically significant chi-square renders rejection of the 
tested model in favor of an alternative model. On the other hand, if the Chi-square value 
is statistically non-significant, the tested model will be considered to be adequate 
representation of the data. 
In addition to investigating to the Chi-square values for each model, the Chi-
square values for stacked structural models were also assessed. Subsequent models were 
generated by placing restrictions on parameter estimates systematically and the difference 
in chi-square values for the two nested models, i.e. the ∆χ2, and degrees of freedom (the 
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difference in degrees of freedom for the two models) under consideration, or ∆df are used 
to test whether the model fits the data or not. Using ∆χ2 value, we tested the statistical 
significance of the difference in fit of subsequent increasingly restrictive models. When 
the ∆χ2 value is statistically significant, the less restrictive model provides a significantly 
better fit to the data and vice- versa. In an effort to test the cross cultural invariance of the 
20-items of the CES-D scale in the two samples, we used the general guideline proposed 
by Vandenberg and Lance (2000).  
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Figure 3. Flowchart of the logical sequencing for assessing cross-group invariance (adapted from Vandenberg & Lance, 2000, p.56)
Full configural
invariance?
Partial 
configural
invariance?
Full metric 
invariance?
Continue testing for 
configurally invariant 
factors
The factorial structure of the 
construct differs across samples
Free loading: start with the 
largest modification index
Partial metric 
invariance?
Pool covariance matrices 
& mean vectors
Equality of 
covariance 
matrices?
The factorial structure of 
the construct is similar 
across samples
Full factor 
invariance?
Free covariance: start with 
the largest modification 
index
Partial factor 
variance 
invariance?
No
No No
Yes
Yes
No
No
No(Some) factor variances 
are identical across 
samples
Yes
Yes
Yes
Yes
Yes
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Note: In this process we were not interested in comparing means across the two samples 
and scalar invariance test was not included in the flowchart. The analysis proceeds from 
assessing metric invariance to assessing factor invariance. The following multi-group 
confirmatory factor analyses are done based on the suggested guidelines above 
Model zero (configural invariance). This model is the first and basic form of 
measurement invariance and it is tested by specifying the same measurement model for 
both Eritrean immigrants and non Eritrean us citizens. Both the number of factors and the 
factor-indicator correspondence are the same, but all parameters are allowed to be freely 
estimated within each sample. Configural invariance is said to be satisfied if the 
hypothesized four factor model structure fits across the two samples, suggesting that 
individuals from both samples conceptualize the construct depression in the same way. In 
this study we tested configural invariance by running individual CFA in each group then 
by running Multi-Group Confirmatory Analysis (MGCFA) by constraining the factorial 
structure to be same across groups. This model is used as a standard for comparison of 
subsequent models and hence is termed baseline model. 
Model one (metric invariance). This is a stronger form of invariance and it is 
tested by (a) constraining all factor loadings to be the same across the two samples and 
(b) comparing the two hierarchical models, one that corresponds to constrained factor 
loading hypothesis and the other corresponds to the configural invariance hypothesis 
using the chi-square difference test (∆χ2). If the hypothesis that the un-standardized factor 
loadings of each CES-D item are equal across the two samples is retained, then we can 
conclude that the construct depression is manifested the same way in each group. If the 
∆χ2 for the comparison stated above is not statistically significant, then the fit of the 
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model with the equality constrained factor loadings is not significantly worse than that of 
the model without these constraints, hence the hypothesis of equal factor loadings across 
two samples is retained. In this case, we can test stronger form of measurement 
invariance. However, if this hypothesis is rejected, the less strict hypothesis of partial 
measurement invariance is tested by releasing one cross-group equality constraint at a 
time based on the size of their modification indices. This procedure will help us to 
identify sources of stress that are responsible for metric non-invariance (Cheung & 
Rensvold, 2002). On subsequent tests, we let factor loadings of these items be freely 
estimated in each sample while the loadings of the remaining indicators are constrained 
to be equal across both samples. According to Vandenberg & Lance (2000), at least 
partial metric invariance is a pre-requisite for subsequent tests of invariance. Therefore, if 
the data show metric invariance, we will continue to the next level of invariance testing. 
Model two (full factor invariance). This model is tested by constraining all 
factor covariances and variance‟s to be the same across samples. Consistent with the 
strategy we followed in testing previous models, model two is tested by specifying a 
model in which the factor loadings from model 2 remain invariant and all factor 
covariance‟s and variance‟s are constrained to be equal. To test the hypothesis that the 
structural relations among the four factors of the CES-D scale are equivalent across the 
two samples, we compare the fit of model 2 with that of model 1. 
In order to evaluate structural models, we used multiple fit indices. Widman and 
Reise (1997) in an effort to make model fit evaluation reliable, inclusive, and acceptable, 
recommended the following two basic strategies (a) Reporting of two or more fit indices 
for each model i.e., according to these authors use of multiple fit indices will allow 
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researchers to demonstrate the same characteristics of model fit using multiple indices, 
(b) Incorporate theory and professional judgment with statistical analyses to achieve a 
reasonable decision of accepting or rejecting a given model. 
With emphasis to the above two suggestions, we used multiple indices to test 
models to our data. Fit indices used in this study include: (a) Chi-square; (b) the 
comparative fit index (CFI) by Bentler (1990); (c) the root-mean-square error of 
approximation (RMSEA) proposed by Steiger and Lind (1980); (e) the goodness-of-fit 
index (GFI) and (f) the standardized root-mean-square (SRMR). Details on fit indices 
mentioned above and additional fit indices are discussed in chapter two of this paper.  
Summary 
Maximizing the validity of inferences to be made about group similarities and/ or 
differences is one of the main goals of cross-cultural studies. Achieving such goal 
requires strong design and analyses plan. Especially cross-cultural studies that involve 
translation and adaptation of scales need to take into account linguistic, cultural, and 
psychometric considerations in every step of the process. The use of appropriate 
analytical procedure then helps to maximally eliminate bias and achieve acceptable level 
of equivalence. The methods used in this study are designed with the goal of translating 
and adapting the 20-item CES-D scale in to Tigrigna language to develop a scale which is 
free from bias. The rigorous methods used in this study are believed to lead to the 
development of a Tigrigna CES-D scale that can be used to make defensible inferences 
about cross-cultural similarities and differences observed in depression symptom scores 
in Tigrigna speaking Eritrean immigrants compared to other groups. 
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Chapter Four 
Results 
Introduction 
Chapter Four presents the findings of this study. The chapter begins with 
preliminary analyses that show the characteristics of the data used in the analyses and the 
response pattern of respondents. Reliability analysis and invariances tests including 
configural, metric, and factor variance-covariance invariances are presented.  
Preliminary Analyses 
Equivalence in distributions of the items. The equivalence in data distribution 
of the items was investigated by determining the shape of each item distribution. 
Descriptive statistics and frequencies were done using SPSS 19. The findings from these 
analyses are summarized in Table 3 and Table 4 below. The scores for each item ranged 
from 0 to 3 in both samples indicating that the same scoring patterns were used. Table 3 
summarizes the values of skewness and kurtosis across the two groups. Ten items had 
skewness that approached zero in the Tigrigna data as compared to only one item with 
skewness that approached zero in the English CES-D data. Sixteen of the 20 items in the 
Tigrigna CES-D scale had kurtosis values close to zero compared to only one value close 
to zero in the English CES-D scale. According to Kline (2010), absolute values greater 
than 10.0 for kurtosis index show some problem with the data and values greater than 
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20.0 are considered extreme. Chou & Bentler (1995) suggests a value of 3.0 for skewness 
index as extreme. 
Table 3. 
Skewness and Kurtosis of the Twenty CES-D items across Tigrigna and English samples. 
 
Item Tigrigna Sample English Sample 
Skewness Kurtosis Skewness Kurtosis 
Bother 0.86 - 0.13 1.55   1.74 
Appetite 1.16   0.19 2.95   9.07 
Blues 1.39   0.72 2.30   5.15 
Good 0.23 - 1.57 2.70   7.57 
Mind 0.90 - 0.33 1.34   1.43 
Depressed 1.53   1.38 1.72   2.72 
Effort 0.75 - 0.59 1.66   2.27 
Hopeful 0.78 - 0.80 2.75   7.91 
Failure 1.32   0.63 3.20 10.90 
Fearful 1.17   0.25 2.18   5.00 
Restless 0.80 - 0.28 0.77 - 0.36 
Happy 0.73 - 0.56 1.59   2.43 
Talked 0.90 - 0.05 2.29   5.31 
Lonely 1.36   0.74 1.97   3.72 
Unfriendly 1.35   0.69 2.79   8.60 
Enjoy 0.63 - 0.81 2.71   7.74 
Cry 1.57   1.57 3.66 14.76 
Sad 1.36   0.91 1.72   3.00 
Disliked 1.67   2.13 3.39 13.13 
Get going 0.84 - 0.27 1.45   1.90 
 
After evaluating the distributions of the data, how individuals from the two 
groups responded to each item in the CES-D scale was assessed. Findings in Table 4 
demonstrate a difference in patterns of item response especially in categories of moderate 
amount of the time and most of the time. The percentage of individuals who endorsed 
these two categories is smaller in the English CES-D group. 
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Table 4 
Pattern of Item Responses: Tigrigna and English Samples.      
                           
Responses (%) 
 
     None of        A Little of    A Moderate            Most of 
Items       the time           the time  amount of the time      the time 
Bother 
Tigrigna  41.5  37.2  13.0    8.3 
English  65.3  23.6    8.2    2.9 
Appetite 
Tigrigna  57.7  22.5  12.6    7.1 
English  85.6  10.7    3.1    0.6 
Blues 
Tigrigna  64.8  17.4  11.1    6.7 
English  77.5  16.3    4.4    1.8 
Good 
Tigrigna  38.7  17.4  17.0  26.9 
English  81.6  13.7    3.2    1.5 
Mind 
Tigrigna  51.8  25.3  17.4    5.5 
English  58.4  32.0    7.2    2.3 
Depress 
Tigrigna  67.6  18.6  10.7    3.2 
English  67.5  24.9    5.5    2.1 
Effort 
Tigrigna  43.9  29.6  16.6    9.9 
English  65.4  25.0    6.4    3.2 
Hopeful 
Tigrigna  49.0  22.5  14.2  14.2 
English  82.4  13.1    3.2    1.3 
Failure 
Tigrigna  61.3  21.3  11.1    6.3 
English  86.2  10.1    2.7    1.0 
Fearful 
Tigrigna  59.7  21.3  14.2    4.7 
English  78.0  18.6    2.9    0.6 
Restless 
Tigrigna  41.5  35.6  15.0    7.9 
English  40.1  36.1  15.3    8.5 
Happy 
Tigrigna  38.7  35.2  14.2  11.9 
English  63.5  29.3    5.0    2.2 
Talked 
Tigrigna  45.8  34.0  14.2    5.9 
English  78.4  16.7    3.9    1.0 
Lonely 
Tigrigna  65.2  18.2  13.0    3.6 
English  72.3  21.0    4.8    1.9 
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Table 4 (continued)  
Pattern of Item Responses: Tigrigna & English Samples 
                                  
Responses (%) 
 
          None of           A Little of      A Moderate            Most of 
           the time              the time         amount of            the time 
Items       time                                                                
Unfriendly 
Tigrigna   59.7  23.7    7.9    8.7 
English   85.2  13.0    1.6    0.3 
Enjoy 
Tigrigna   39.1  31.2  16.6  13.0 
English  81.8  13.9    3.0    1.4 
Cry 
Tigrigna   66.0  20.6    8.7    4.7 
English   89.8  8.0    1.8    0.3 
Sad 
Tigrigna   62.1  22.9  11.1    4.0 
English   67.6  26.6    4.2    1.6 
Dislike 
Tigrigna   66.4  22.5    7.1    4.0 
English   87.3  10.4    1.7    0.7 
Get going 
Tigrigna   46.6  31.6  16.6    5.1 
English   61.5  30.5    6.0    2.0 
 
Reliability of the CES-D Scale 
Table 5 shows the item-total correlations of the 20 items of the CES-D scale for 
both samples. Cronbach‟s alpha of the whole scale also shows adequate reliability of the 
CES-D scale in both samples. Test re-test in one week period of time in the Eritrean 
immigrants sample showed a correlation of 0.91 suggesting stability of the scale. The 
values are consistent with findings reported in the literature.  
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Table 5.  
Corrected Item-Total Correlation and Cronbach’s Alpha 
 
 
Item 
Correlated total-item correlation 
Tigrigna English 
Bother .39 .24 
Appetite .35              -.23 
Blues .54 .39 
Good .18 .38 
Mind .53 .30 
Depress .65 .48 
Effort .51 .29 
Hopeful .14 .40 
Failure .50 .48 
Fearful .57 .66 
Restless .58 .57 
Happy .35 .32 
Talked .55 .76 
Lonely .59 .58 
Unfriendly .44 .61 
Enjoy .40 .26 
Cry .56 .54 
Sad .53 .63 
Dislike .51 .63 
Get going .49 .30 
Cronbach‟s alpha .86 .91 
 
Testing Invariance across Groups 
In testing for the invariance of the CES-D scale across the two samples, the 
following three hypotheses were considered: (a) the four factors underlying depression in 
the CES-D scale are equivalent; (b) the pattern of factor loadings is equivalent across the 
two samples; and (c) the structural relations among the four factors of depression are 
equivalent.  
Multiple models were tested to look for equivalencies of the CES-D items across 
the two samples using a set of standard parameters to guide subsequent tests in a logically 
ordered and increasingly restrictive style. The findings of these tests are summarized in 
Table 6. In order to test equivalence of a given scale across groups, establishing a well-
fitting baseline model for each group separately is a prerequisite. Therefore; the original 
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four factor structure of the CES-D scale (Radloff, 1977) for each sample separately was 
tested. The baseline four factor CES-D scale model originally suggested for the general 
population is presented in Figure 2. This model fitted the data from both samples well as 
evidenced by multiple fit indices. The fit indices for the Tigrigna sample were (χ2 = 
299.87, df = 164, RMSEA = .06, SRMR = .06, GFI = .89, and CFI = .98) and for the 
English sample (χ2 = 1496.81, df = 164, RMSEA = .07, SRMR = .04, GFI = .92, and CFI 
= .98).  
In this single group confirmatory factor analysis, almost all of the fit indices were 
very similar across the two groups suggesting that the correlated four factor model was 
supported by both samples. In order to cross validate the correlated four factor model of 
the CES-D scale, multi-group confirmatory factor analysis (MGCFA) was done to further 
test configural invariance.  
Configural invariance. The single group CFA tested whether each sample 
adequately fits the correlated four factor model separately. Since the two samples 
separately demonstrated good fit to the correlated four factor model, generally it was 
expected that the MGCFA model (M_0 in Table 6) also would show adequate fit. As 
expected the MGCFA showed reasonably adequate fit (χ2 (328)
 
= 1796.68, RMSEA= .07, 
SRMR = .06, GFI = .89, CFI = .98). It is important to note that the χ2 value for model 
M_0 is simply the sum of the χ2 for the two separate models („a‟ and „b‟ in Table 6) in the 
single group confirmatory factor analysis. These findings suggest that the configuration 
of factor indicator relationships of the CES-D scale was equivalent across the two 
independent samples. However, this test doesn‟t give enough information on the invariant 
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operation of each item in the CES-D scale and the factor loadings. Therefore, additional 
test of metric invariance was required to address the issue. 
Metric invariance. An analysis was conducted to examine how the content of 
each CES-D item was being perceived and interpreted across the two samples by running 
the next model M_1 (full metric invariance). Having established a good fit baseline 
(configural: M_0) model, the hypothesis of metric invariance was tested by constraining 
the matrix of factor loadings (ΛTigrigna = ΛEnglish) to be equal across the two samples. This 
hypothesis was tested by modifying M_0 i.e. putting the constraint on the Λ matrix and 
we identified this model as M_1.  The χ2 shown in Table 6 from M_1 was compared with 
χ2 from M_0 because the metric invariance model was stacked within the configural 
model. Findings of this analysis showed that the restricted, stacked model resulted in a 
significant ∆χ2 when compared to the less restricted model. Therefore, the hypothesis of 
full metric invariance was not tenable. To identify the sources of stress or misfit within 
this model, a detailed evaluation of the modification indices (MIs) provided by the 
LISREL output was completed. Initial review showed that item 17 (cry) had the largest 
source of stress. Thus this item‟s loading was allowed to vary across groups and the 
model was re-evaluated. The fit indices showed slight improvement but still the model 
was statistically different from the baseline model suggesting that the constraints 
specified in the more restrictive model (M_1) do not hold (i.e., M_0 and M_1a are not 
equivalent across groups). The process of freeing items with greater source of stress 
continued systematically until a model which was not different from the baseline model 
was achieved (i.e., the ∆χ2  value when compared with the baseline model was 
statistically non-significant to suggest the tenability of all specified equality constraints). 
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To achieve this, in addition to item 17 (cry); items 10 (fearful), 19 (disliked), 13 (talked 
less), 2 (appetite) and 11 (sleep) were freed sequentially. After freely estimating 6 of the 
20 items in the CES-D scale, partial metric invariance was achieved [(M_1f- see Table 7) 
χ2 (df) = 1811.95(338), ∆χ2 (∆df) = 15.27(10), RMSEA = .07, SRMR = .07, GFI = .89, 
and CFI = .98)]. The differences in fit indexes for subsequent alternative models are 
reported in Table 7. Note that, since at least one factor loading per latent variable was 
constrained to be invariant in the baseline model, the full metric invariance model was 
tested by constraining the remaining 16 factor loadings to invariance across the two 
samples. 
Full Factor invariance. According to Beckstead, Yang, and Lengacher (2008); 
even in the presence of variation in factor loadings across two samples (i.e., partial metric 
invariance) there is a possibility of having equivalent factor variances and covariances 
across samples. Byrne et al. (1989) suggested that a test of factor variance and covariance 
can be done provided there is at least one metric invariant item in each factor. Therefore, 
since the data satisfied this criterion we proceeded with the next phase of analysis. To test 
the invariance of factor variance-covariance matrices across the two samples in this 
study, constraints were imposed on all elements of the phi matrix to be invariant across 
the two samples and named this model M_2 (see Table 6). The comparison between M_2 
and M_1f showed a statistically significant change in fit. The SRMR = .12 was poor 
making the hypothesis of full factor invariance untenable. The principle of freeing 
parameter estimates with greater sources of stress or misfit using the size of modification 
indices as a criterion was followed. To reach to the final model (M_2g: see Table 7), 7 of 
the 10 constraints we initially imposed on the phi matrix were freed. The bottom section 
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of Table 8 summarizes those results. Interesting findings that must be noted include: the 
correlation between PA and DA was smaller for the Tigrigna sample than the English 
speaking sample. The same was true for correlations between PA and SV, although 
correlations between IP and DA and IP and SV were lower for the English sample than 
the Tigrigna sample. 
Table 6. 
Summary of model fit indices for the correlated four factor CES-D scale 
_________________________________________________________ 
Model    χ2(df)            ∆χ2 (∆df)       RMSEA  SRMR  GFI  CFI    
Single group CFA models    
a. Tigrigna Sample              299.87(164)            .06       .06      .89    .97 
b. English Sample             1496.81(164)                .07       .04      .92    .98 
Multi-group CFA models                                                   
M_0: Configural model             1796.68(328)                     .07       .06     .89     .98 
M_1: Full metric model             1895.84(344)      99.16(16)            .07       .09     .86    . 98  
M_1f: Partial metric model            1811.95(338)      15.27(10)            .07       .06     .89     .98 
M_2: Full factor invariance         2058.63(348)       246.69(10)           .07       .12     .80      .97 
M_2g: Partial factor invariance   1815.80(342)           3.85(3)             .07       .09     .89      .98 
χ2 = Chi Square, RMSEA= Root Mean Square Residual, CFI=Comparative Fit Index, RMR= Root Mean 
Square Residual, GFI= Goodness-of-Fit Index. 
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Table 7. 
Detailed Description of Model Fit Statistics for the Correlated Four factor CES-D Scale 
 
Model χ2(df)  ∆χ2(∆df) RMSEA SRMR GFI CFI  
Single group CFA           
a. Tigrigna Sample 299.87(164)  .06 .06 .89 .98  
b. English Sample 1496.81(164)  .07 .04 .92 .98  
Multi-group CFA         
M_0: Configural  
Invariance 
1796.68 328 .07 .06 .89 .98  
M_1. Full metric   
Invariance 
1895.84(344) 99.16(16) .07 .09 .86 .98  
M_1a. Item 17 FR 1861.67(343) 64.99(15) .07 .09 .87 .98  
M_1b. Item 10 FR 1839.72(342) 43.04(14) .07 .08 .88 .98  
M_1c. Item 19 FR 1832.08(341) 35.41(13) .07 .08 .88 .98  
M_1d. item 13 FR 1825.22(340) 28.54(12) .07 .08 .89 .98  
M_1e. item 2 FR 1818.54(339) 21.86(11) .07 .07 .89 .98  
M_1f. Partial metric  
Invariance 
1811.95(338) 15.27(10) .07 .07 .89 .98  
M_2: Full factor  
Invariance 
2058.63(348) 246.69(10
) 
.07 .12 .80 .97  
M_2a. ф22 FR 1878.84(347) 66.89 (9) .07 .12 .86 .98  
M_2b. ф21 FR 1868.42(346) 56.47 (8) .07 .12 .87 .98  
M_2c. ф32 FR 1858.11(345) 46.16 (7) .07 .11 .87 .98  
M_2d. ф42 FR 1844.38(344) 32.43 (6) .07 .11 .88 .98  
M_2e. ф43 FR 1841.66(343) 29.71 (5) .07 .10 .88 .98  
M_2f. ф41 FR 1835.13(342) 23.19 (4) .07 .10 .88 .98  
M_2g. partial factor 
Invariance 
1815.80(342)   3.85 (3) .07 .09 .89 .98  
χ2 = Chi Square, RMSEA= Root Mean Square Residual, SRMR= Standardized Root Mean Square 
Residual, GFI= Goodness-of-Fit Index, CFI= Comparative Fit Index. 
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Table 8.  
Common Metric Standardized Structural Coefficients for the Correlated Four Factor 
CES-D Scale Items in Tigrigna and English Samples. 
 
Item Brief 
description 
Tigrigna Sample 
 
     DA      PA     SV       IP   
         English Sample 
 
  DA     PA      SV      IP 
3 Blues .51 - - - .51  -    -    - 
6 Depressed .52 - - - .60  -    -    - 
9 Failure .44 - - - .36  -    -    - 
10* Fearful .53 - - - .32  -    -    - 
14 Lonely .52 - - - .46  -    -    - 
17* Cry .48 - - - .22  -    -    - 
18 Sad .47 - - - .52     -    -    - 
4 Good        - .50 - - - .37    -    - 
8 Hopeful - .46 - - - .44    -    - 
12 Happy - .60 - - - .60    -    - 
16 Enjoy - .46 - - - .42    -    - 
1 Bothered - - .44 - - -  .45    - 
2* Appetite - - .39 - - -  .20    - 
5 Mind - - .56 - - -  .47    - 
7 Effort - - .57 - - -  .57    - 
11* Sleep - - .62 - - -  .44    - 
13* Talked less - - .55 - - -  .35    - 
20 Get going - - .50 - - -  .46    - 
15 Unfriendly - - - .30 - -    -  .30 
19* Disliked - - - .28 - -    -  .45 
 
Ф Matrices 
Tigrigna Sample English Sample 
            DA   PA  SV IP  DA PA SV IP 
DA 1.13    DA .98    
PA    .26* 1.36*   PA .99 .94   
SV           .91  .26* 1.01  SV .87 .87 1.00  
IP    .82*  .18*   .82*  1.88* IP .60 .63   .54 .82 
Note: DA = depressive affect, PA = positive affect, SV = somatic vegetative, IP = interpersonal. All 
coefficients are presented in standardized form and are significant (P< .05). Factor loadings are given from 
column 3-10. Off diagonal elements of the ф matrices are correlations among factors; diagonal elements are 
factor standard deviations. 
*Coefficients were non-invariant across the two samples (p < .05). 
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Table 9.  
Non-Equivalent Parameters across Tigrigna and English Speaking Groups 
 
Parameter Item Content Related Factor 
Factor loadings 
  Item 2 
  Item 10 
  Item 11 
  Item 13 
  Item 17 
  Item 19 
 
My appetite was poor 
I felt fearful 
My sleep was restless 
I talked less than usual 
I had crying spell 
I felt that people disliked me 
 
Somatic vegetative 
Depressed affect 
Somatic vegetative 
Somatic vegetative 
Depressed affect 
Interpersonal 
 
Variances & Covariances 
  PA & PA 
  PA & DA 
  SV & PA 
  IP & PA 
  IP & SV 
  IP & DA 
  IP & IP 
 
 
 
Positive affect/Positive affect 
Positive affect/Depressed affect 
Somatic vegetative/Positive affect 
Interpersonal/Positive affect 
Interpersonal/Somatic vegetative 
Interpersonal/Depressed affect 
Interpersonal/Interpersonal 
Note: PA= positive affect; DA = depressed affect; SV = somatic vegetative; & IP = interpersonal 
 
The six items that were non-equivalent across the Tigrigna and English samples in 
the initial invariance test analyses are listed in Table 9. Item non-equivalence for these 
six items could be explained by multiple reasons, such as (a) poor translation, (b) sample 
difference in demographic characteristics that are relevant to the topic under investigation 
e.g.,  age, gender, and (c) lack of appropriateness of the item content for the Tigrigna 
sample. To address (a), the mean of the translation scores given by the three raters were 
compared using t-test. Findings of this t-test showed that there was no statistically 
significant difference between the non-equivalent and equivalent items (t = -.18, df = 7, p 
= .86). 
To address (b), an attempt was made to match the two samples on variables such 
as sample size, gender, and age. Sample size and gender distribution were perfectly 
matched to the Tigrigna sample in a sub sample of English speakers. However, because 
of the initially wide age variation among the two samples, our attempt to match the 
groups in terms of age was not fully successful with the mean being 37.5 years in the 
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Tigrigna sample and 50 years in the English sample. Invariance tests were conducted to 
see if the non-invariant items from the initial analysis would remain non-invariant in the 
matched sample. Test for configural invariance showed that the data fit the correlated 
four factors model of the CES-D scale adequately (see Table 10 for fit indices). Test for 
metric invariance demonstrated partial metric invariance. However, in this analysis we 
detected only three non-invariant items (Item 17, Item 10, and Item 19). All three items 
identified to be non-invariant are the first three of the six non-invariant items in the initial 
analysis. The fit indices of increasingly restrictive models tested using closely matched 
Tigrigna and English samples are given in Table 10 below and the findings are discussed 
in detail in Chapter 5. 
Table 10. 
Detailed description of model fit statistics for the correlated four factor CES-D after 
matching the Tigrigna and English samples. 
 
Model χ2(df)  ∆χ2(∆df) RMSEA SRMR GFI CFI  
Single group CFA        
a. Tigrigna Sample 299.87(164)  .06 .06     .89 .98  
b. English Sample 420(164)  .08 .05     .85 .97  
Multi-group CFA         
M_0: Configural  
invariance 
720.10(328)  .07 .06     .89 .97  
M_1. Full metric 
invariance 
820.22(344) 100.12(16) .08 .10     .87 .96  
M_1a. Item 17 FR 763.05(343) 42.95(15) .07 .08     .88 .96  
M_1b. Item 10 FR 747.21(342) 27.11(14) .07 .07     .89 .97  
M_1c. Item 19 FR 739.01(341) 18.91(13) .07 .07     .89 .97  
χ2 = Chi Square, RMSEA= Root Mean Square Residual, SRMR= Standardized Root Mean Square 
Residual, GFI= Goodness-of-Fit Index, CFI= Comparative Fit Index. 
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Table 11.  
Depressive symptom scores across Tigrigna and English samples stratified by age and 
gender. 
 
Characteristics N (%) 
Tigrigna Sample English Sample 
 ≥ 16 < 16 ≥ 16 < 16 
Overall risk of depression 113(44.7) 140(55.3) 237(12.4) 1681(87.6) 
Risk of depression by age 
     18 to 24 
     25 to 34 
     35 to 44 
     45 to 54 
     55 to 64 
     65 to 75 
 
    8 (7.1) 
  44 (38.9) 
  34 (30.1) 
  17 (15) 
  10 (8.8) 
-  
 
15 (10.7) 
40 (28.6) 
50 (35.7) 
15 (10.7) 
20 (14.3) 
-  
 
 
 
 
  96 (40.5) 
114 (48.1) 
  27 (11.4) 
 
 
 
 
 484 (28.8) 
 715 (42.5) 
 482 (28.7) 
Risk of Depression  by gender 
     Male 
     Female 
 
  68 (60.2) 
  45 (39.8) 
 
98 (70) 
42 (30) 
 
  60 (25.3) 
177 (74.7) 
 
   601 (35.8) 
1080 (64.2) 
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Chapter Five 
Discussion 
Introduction 
This chapter begins with emphasis on the importance of measurement invariance 
in cross-cultural research. Then the findings of the study are discussed and limitations are 
also presented. Finally conclusions, implication for nursing, and future research 
directions are discussed. 
Over the past ten years, the CES-D scale has been examined for its cross cultural 
measurement equivalence for multiple racial and ethnic groups (e.g., Cole et al., 2000; 
Crockett et al., 2005; Jang et al., 2005; Kim, Chiriboga, & Jang, 2009). Such efforts 
emphasize the increasing recognition of and importance of measurement equivalence in 
cross-cultural research. Whether observed variation in psychometric test scores is 
attributed to an actual difference in construct that a given instrument or scale measures is 
an important question to ask in many research domains. For example it is vital for any 
cross-cultural researcher to demonstrate evidence of measurement invariance when 
working on cross-cultural study where the same scale is used to measure and compare the 
same construct but in two culturally diverse samples. It is essential to demonstrate that 
the same attribute is related to the same set of observations in the same way for all groups 
in the study. That is, the relationship between the latent variables and the observations 
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must be the same in each of the groups selected in order to make meaningful 
comparisons. 
Data analysis in cross-cultural research requires a detailed procedure that begins 
with careful data screening for detection of problems related to the data. Some data 
related problems might result in non-positive definite data matrices and others could be 
the results of violating assumptions like normal distribution of data. In this study, tests for 
skew and kurtosis showed that items 9 (failure), 17 (cry), and 19 (disliked) were slightly 
positively skewed and leptokurtic in the English sample (see Table 3), i.e., most of the 
scores for these three items were below the mean in the English sample. Since the three 
skewed items were also leptokurtic, procedures like transformation that fix skewed 
distributions might also fix kurtosis. However, since skew and kurtosis in the English 
sample are mild or just marginally high, a transformation procedure was not required. 
Cross-cultural studies assume uniform psychometric properties of the measurement scale 
used in all samples. To assess these properties at an instrument level, reliability 
coefficients were assessed in both groups. The internal consistency of the Tigrigna CES-
D was (n = 253, α = .86) and that of the English sample was (n = 1918, α = .91). These 
values were high and comparable to the correlations of .84 and .85 reported by Radloff 
(1977). While the test re-test in one week period of time in the Tigrigna sample showed 
high correlation (n = 30, r = .91) suggesting the stability of the scale. Table 5 provides the 
item-total correlation of the 20 items of the CES-D scale in both the Tigrigna and English 
sample. Items that do not measure the same construct across the two samples can be 
identified by comparing the item-total correlations across the two samples, as illustrated 
in the comparison between the Tigrigna and English sample in Table 5. A comparison of 
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item-total correlation of the Tigrigna sample and English sample shows that most (13 of 
the 20 items) item-total correlations were higher in the Tigrigna sample. Such variations 
might have multiple sources such as: method of administration of the scale, cross-cultural 
differences, and difference in response style. Both the Tigrigna and English CES-D scales 
were administered in a pencil and paper form. However, the English CES-D scale was 
administered as part of broader survey including detailed demographic questionnaires and 
multiple measurement scales. Hence, participants in the English sample may have 
experienced greater instrument burden than the Tigrigna sample. Most participants in the 
Tigrigna sample completed the CES-D scale anonymously on their own (self 
administered) as opposed to face to face interview in the English sample. It has been 
suggested that self administered surveys provide more response anonymity to 
participants‟ thereby encouraging disclosure of accurate information even in sensitive 
behaviors related to issues like mental health. For example Chan, Orlando, Ghosh-
Dastidar, Duan, and Sherbourne (2004) found an estimated 13% increase in the rates of 
probable depression when self administered data were used to measure depressive 
symptoms using the 20-item CES-D scale. Therefore, the significantly high scores in 
depressive symptoms in the Tigrigna sample compared to the English sample could partly 
be attributed to the anonymous nature of the administration of the CES-D scale. Table 11 
summarizes depressive symptom scores across the two samples stratified by age and 
gender. 
Cross-cultural studies on depressive symptoms are based on data collected from 
groups from diverse cultural backgrounds. For example in this study the two data sets 
collected to study depressive symptoms contain responses from people with different 
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cultural backgrounds and it is possible that the two samples have different response 
styles. Such difference could be a source of distortion and misinterpretation of findings of 
the study. Table 4 summarizes the pattern of item responses in the Tigrigna and English 
samples. In both samples a majority of participants endorsed the first option i.e. “none of 
the time” more frequently than the other three options. However, close observation of 
data in Table 4 shows an interesting pattern in the distribution of participant‟s pattern of 
item response across the two samples. Except for item 11 (“my sleep was restless”), the 
percentage of participants who endorsed the “most of the time” option was higher for the 
Tigrigna sample than the English sample. On the other hand, the percentage of 
participants who endorsed the “none of the time” option was greater in the English 
sample except for item 6 (“I felt depressed) and item 11 (“my sleep was restless”). 
Considering the background of participants in the Tigrigna sample, such variation in 
response pattern was expected. A majority of participants in the Tigrigna sample had 
witnessed or suffered multiple traumatic experiences while at their home country or 
through their course of immigration to the United States. There is a strong relationship 
between traumatic life experiences and development of post traumatic stress disorder 
(PTSD) and other mental health disorders (Perkonigg, Kessler, Storz, & Wittchen, 2000; 
Shalev, et al., 1998). Hence, mental health conditions like PTSD might have 
contaminated the depressive symptom scores in the Tigrigna sample resulting in higher 
depressive symptom scores. 
To my knowledge, there are no documented statistics on the prevalence of chronic 
health conditions like hypertension, diabetes, and other cardiovascular disorders in 
Eritrean immigrants in the United States. However, based on personal observation and 
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informal conversations with members of the community, it is evident that such chronic 
health problems are not rare in the community. Even though participants in the Tigrigna 
sample are drawn from the general population of Eritrean immigrants in the US, presence 
of chronic health conditions was not ruled out. This might raise a concern about „criterion 
contamination‟ i.e., for example items intended to measure somatic symptoms in the 
CES-D scale might reflected  physical symptoms related to other co-morbidities 
contaminating the total CES-D score.  
This study explored the cross-cultural factorial invariance of the 20-item CES-D 
scale across Tigrigna speaking Eritrean immigrants/refugees and English speaking US 
citizens. A correlated four factor model of the CES-D scale consisting of depressed affect 
(DA), positive affect (PA), somatic vegetative (SV), and interpersonal (IP) dimensions, 
confirmed an adequate fit for both Tigrigna speaking Eritrean immigrants/refugees and 
English speaking US citizens i.e., the originally hypothesized correlated four factor 
model of the 20-item CES-D scale (see Figure 2) was supported both by the Tigrigna and 
English samples. As described in chapter four of this paper, configural invariance was 
established suggesting the adequacy of the hypothesized model across both samples. In 
other words, all items of the CES-D scale loaded on their respective factor in both 
samples. 
The importance of multi-group confirmatory factor analysis (MGCFA) extends 
far beyond establishing configural invariance (Dimitrov, 2010). It involves other tests of 
equivalence that involve the specification of cross-group equality constraints for 
particular parameters. In metric invariance, the loading estimates in Λ were constrained 
to be equal across groups. The results of this study showed the absence of full metric 
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invariance. In the absence of full metric invariance, Byrne et al. (1989) recommended one 
of the following three options: (a) identify reasons for the cross-group differences in 
factor loadings, (b) remove the non-invariant items (this option assumes that the non-
invariant items are few and their removal does not underrepresent given domain), and (c) 
proceed with partial invariance. In this study, the analytic procedure used involved testing 
for partial measurement invariance using a stepwise systematic procedure as discussed in 
the method section of this paper. This procedure lead to partial metric invariance (i.e., 
factor loadings of 14 of the 20 items in the CES-D scale became invariant across the two 
samples). 
Similarly to test variance-covariance invariance, all elements of Φ were 
constrained to be equal across the two samples. Full variance-covariance invariance was 
rejected and further tests resulted in partial variance-covariance invariance (i.e., 3 of the 
10 Φ elements became invariant across the two samples). Steenkamp and Baumgartner 
(1998) suggested that valid cross-national comparisons are warranted so long as at least 
partial measurement invariance has been demonstrated. 
The development of partial measurement invariant models using the procedure 
used in this paper attracts two important questions (Schmitt & Kuljanin, 2008). The first 
and most important question is how can one theoretically explain the group differences in 
factor loadings of the non-invariant items? In other words, can the researcher explain the 
mathematical differences in factor loadings in terms of existing knowledge and theory 
about the groups under comparison? For instance in this study six items (appetite, fearful, 
sleep, talked less, cry, and disliked) were identified as non-invariant items. That is, the 
six items behaved differently in the two samples under investigation. Review of the factor 
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loadings of these six items (see Table 8) shows that five of these items (appetite, fearful, 
sleep, talked less, and cry) have relatively higher loadings in the Tigrigna sample than the 
English sample. While item-19 (disliked) showed relatively higher loading in the English 
sample. Then the question is: how do we interpret or explain these differences? Before 
discussing possible interpretations, the next paragraph will introduce the second question. 
Then two hypotheses competing with the hypothesis that cultural differences explain the 
non-invariant items are addressed and method used to rule out them are described. 
The second question is how should we handle the non-invariant items? According to 
Poortinga (1989); the decision about the fate of non-invariant items can vary depending 
on the interpretation given to them. Strategies to handle non-invariant items generally 
include: (a) dropping of non invariant items from the scale. However, such a step should 
be considered only after cautious investigation or when a given item demonstrated 
characteristics of non-invariance on multiple well designed studies. It is also important to 
note that dropping an item is possible only when a scale has large number of items to 
begin with (e.g. Janssens, Brett, & Smith, 1995); (b) the second alternative way of 
handling non-invariant items is to keep non-invariant items in the model by allowing 
their loadings to vary while constraining the loadings of invariant items to be equal across 
groups. This procedure is used in situations where full invariance is unachievable; and (c) 
the third option to deal with non-invariant items is to use them as indicators of actual 
difference between groups under comparison. For example in this study, we can use the 
six non-invariant items, to ask the question why these six items are non-invariant. Is it 
because of a problem with the translation of these items from the original language? Is it 
because of the variation in important demographic characteristics across the two 
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samples? Is there any cultural or other cross-group difference that might explain the 
situation?  
If the answer to the former question is a yes, the solution would be to go back and 
work on the translation process. While in the case of the latter question, an affirmative 
answer shows evidence of true cross cultural difference. It is clear that the final outcome 
solely depends on the accurate identification of non-invariant items. Therefore the use of 
an appropriate method to test factorial invariance is critical. Hence, before speculating 
potential explanations for the invariant items and correlations across the two samples, it is 
essential to rule out the two competing hypotheses (problems related to the translation 
process and difference in vital demographic characteristics as possible explanations for 
the non invariant items) discussed above.  
As discussed in chapter three of this paper, rigorous procedure was followed in 
the translation process. A translation and adaptation review form by Hambleton and 
Zenisky (2011) was used as a guideline by the three raters to evaluate the adequacy of 
translation and adaptation of the 20-items in the CES-D scale. All items had an average 
score of 4.3 or more in a 7 point scale. The translation adequacy for the non-invariant and 
invariant items was also shown empirically to be uniform as evidenced by non-significant 
t-test (see Chapter 4). In addition, findings of cognitive interviews also did not show 
evidence of difference in understanding or interpretation of the 20-items of the CES-D 
scale across the two groups. Therefore, it is unlikely for the findings of this study to be 
contaminated by issues related to the translation and adaptation process. Thus, the first 
competing hypothesis of a translational problem is ruled out. The next paragraph 
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discusses the second competing hypothesis which is related to the variation in important 
demographic characteristics (e.g., age and gender) across the two samples. 
It has been consistently reported in the literature that the prevalence of depressive 
symptoms is higher in women compared to men (Davins and Orme, 1986; Anderson, 
Freedland, Clouse, & Lustman, 2001; Katon, et. al., 2004). In the initial analysis of 
invariance across the two samples in this study, the proportion of male participants in the 
Tigrigna sample was almost two times larger than women participants. While in the 
English sample, women participants were almost two times more frequent than male 
participants. Participants in the Tigrigna sample were also relatively younger (M = 37.5 
years, SD = 10.7, N= 253) than the English sample (M = 59.1 years, SD = 7.4, N= 1918). 
To rule out the second competing hypothesis related to these demographic 
characteristics, invariance tests were employed after randomly selecting a sub sample of 
253 English speakers from the English sample that represented the exact same gender 
distribution and more closely matched age (M = 50.1years) with the Tigrigna sample. 
Subsequent invariance tests using exact same procedure used in the initial analysis 
demonstrated that age and gender didn‟t seem to affect the findings (see Table 10) of the 
study. The metric invariance test detected three items instead of six in the initial analysis. 
It is important to note that the three items identified as non invariant in the matched 
samples were the same items that were detected as non-invariant in the initial analysis. In 
the initial analysis the large sample size increases the power to detect small amount of 
non-invariance. Otherwise, the fact that the three non-invariant items detected in the 
matched sample were indentified in the same order they appeared in initial analysis 
suggests that age and gender didn‟t matter in the way non-invariant items were detected. 
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It was shown that 6 of the 20 items in the CES-D scale function differently across the two 
samples in this study. Identifying non-invariant items and providing cautions that these 
items were different from equivalent samples of individuals from two or more cultures is 
not enough. Current cross-cultural research requires researchers to move one step more 
and un-package such cross-cultural differences. 
The six non-invariant items in this study include: item 2 (appetite), item 10 
(fearful), item 11 (sleep), item 13 (talked less), item 17 (cry), and item 19 (disliked). 
Table 8 shows that the factor loadings of item 2 (appetite), item 10 (fearful), item 
11(sleep), item 13(talked less) were higher in the Tigrigna sample compared to the 
English sample. On the other hand, the factor loading of item 19 (disliked) was higher in 
the English sample than the Tigrigna sample. Analysis of invariance using the matched 
sample resulted in three non-invariant items including item 10 (fearful), item 17 (cry), 
and item19 (disliked). Scientifically persuasive explanations for cultural differences 
related to these three items (fearful, cry, and disliked) are provided below. 
These findings are not unexpected because the three non-invariant items belong to 
the PA and IP factors that are known to be very sensitive to social contexts (Noh, Kaspar, 
and Chen, 1998). According to these authors, the social context of an individual 
determines the person‟s values and rules of these interpersonal relationships which in 
turns dictate his/her perception of relationships with others. The relatively large factor 
loading of item 19 (disliked) in the English sample is consistent with the literature. In this 
study, the majority of participants in the English sample were African Americans and it 
has been consistently reported that African Americans tend to  strongly endorse item 19 
(disliked) compared to other ethnic groups in the United States (e.g., Cole, et al., 2000). 
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In Eritrean culture maintaining social agreeability is an important value to become 
acceptable in society. This might encourage Eritreans to pay extra attention to their 
relationship with others and hence less likely to endorse item 19 (disliked). Even when 
they are not happy about their overall relationship with others, Eritreans might not report 
or under report problems related to their relationship with others in their community.  
Most Eritrean immigrants have been through extraordinary traumatic life events in their 
native country and/or throughout their journey to the United States. The task of adapting 
to a new culture and environment, financial hardship, and uncertainty about family 
members left behind are also stressful. Generally, to the majority of Eritrean immigrants 
the journey to the United States was dangerous and filled with uncertainty and fear. Such 
events make this population susceptible to mental health conditions including PTSD 
which can cause symptoms like persistent re-experiencing of traumatic events. Therefore, 
the significantly larger factor loadings for items 10 (fearful) and 17 (cry) in the Tigrigna 
sample may be explained by possible relationship between past traumatic events and the 
current state of mental health of this group of population. 
In this study, 7 of the 10 ф elements were invariant (see Table 8). Before 
discussing these findings, it is important to address the procedure used to constrain 
elements of Φ. Decisions to impose constraints were made based on the values of 
modification indices. For example, to test M_2d, in addition to the constraints made 
while testing M_1c; ф42 was constrained because of its relatively larger value compared 
to the remaining elements of ф. However, the change in χ2 was very minimal and the fit 
indices also didn‟t show reasonable improvement from M_2c. Thus, decisions based on 
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values of the modification indices should be logically and theoretically supported to have 
a meaningful model that appropriately explains group differences and/or similarities.  
The Φ matrices given at the bottom part of Table 8 have some interesting findings. For 
example the correlation between PA and DA is much lower for the Tigrigna sample than 
the English sample suggesting that the two dimensions are more distinct than they are in 
the English speaking sample. A similar pattern also applies to the correlation between PA 
and SV. While in the English sample, the correlation (IP & DA) and (IP & SV) are lower 
for the English speaking sample than the Tigrigna sample suggesting greater 
distinctiveness of the respective factors in the English speaking group than in their 
counterpart Tigrigna speakers. Knowing the way these factors relate to each other could 
be critical for nursing practice. For example, the correlation between PA & DA is lower 
for the Tigrigna sample than the English sample. In practice, this would mean that 
interventions that are designed to improve affect with an attempt to manage depression 
might not show the same outcome in both groups. Such intervention could be much more 
appropriate to the English sample than the Tigrigna sample. 
Limitations  
Limitations of the current study warrant consideration. It should be noted that the 
findings of this study are confined to the population of Eritrean immigrants/refugees (18 
to 64 years of age) from limited parts of the United States. Therefore, findings might not 
necessarily be generalized to the Eritrean citizens within Eritrea and Eritrean 
immigrants/refugees across the United States. The comparative analyses in this study 
used two data sets that were collected using independent research efforts. Hence, 
variations in study designs and procedures cannot be ruled out as contributing to the 
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results. There were also some procedural differences in the data collection process. In the 
Tigrigna sample, the CES-D scale was administered with a brief demographic 
information questionnaire, while the English version CES-D scale was administered as 
part of a large questionnaire that included other measurement scales and detailed 
demographic questionnaire. There is a 4 to 6 years difference in when the two data sets 
were collected. The age and gender distribution was not also proportional in the two data 
sets. However, analyses with closely matched samples didn‟t alter the findings of this 
study. Despite these limitations, this study clearly demonstrated that the Tigrigna version 
CES-D scale can be used as a screening tool for depressive symptoms in Eritrean 
immigrants/refugees in the United States. The study also identified items that were non-
invariant across the two groups providing baseline for future studies in this population. 
Implications for Nursing 
The review of the literature on cross-cultural research using the CES-D scale 
shows that the investigation of measurement invariance is very rare. Demonstration of fit 
to the original correlated four factor model of the CES-D scale is considered by many as 
evidence for an invariant scale. The use of such scales by nurses to screen for depressive 
symptoms could be problematic because of measurement non-invariance among 
immigrant populations. Therefore, when assessing depressive symptoms across cultures, 
nurses need to be cognizant of the psychometric properties of the assessment instrument 
and its cross cultural equivalence.  
Nurses in Eritrea can benefit from the availability of this scale in Tigrigna 
language. While the scale needs further psychometric tests within and outside Eritrea in 
various representative samples, nurses can start applying the scale for large scale 
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screening of depressive symptoms. Moreover, this work is expected to stimulate 
discussions and awareness related to cross-cultural assessment among Eritrean nurses and 
other health professionals.  
Various governmental and non-governmental organizations who work with 
Eritrean immigrants/refugees can also use this scale for screening purposes. Such use 
may help in the early detection of depressive symptoms in this vulnerable population. 
Depression is known for its high life time prevalence rate (2–15%) and its substantial 
association with disability. Unfortunately, according to projections by Murray and Lopez 
(1997), depression will be the second in terms of its overall burden worldwide. The 
availability of screening scales like the CES-D will contribute significantly towards the 
early detection and intervention programs that might alleviate the burden of depression. 
Conclusions 
Measurement equivalence is important to all comparative studies. It is particularly 
essential when the comparison being made is cross-cultural because differences in social 
norms and values clearly affect the way people perceive a construct and the way they 
perceive the item content. Because of the ever increasing globalization and immigration 
the need to use measurement scales with individuals from diverse cultural backgrounds is 
also becoming common practice. This requires translation and adaptation of existing 
scales to different languages and testing invariance. 
Factorial invariance has a critical importance in any cross-cultural research. In the 
absence of clearly documented factorial invariance, interpretation of differences in score 
across cultures is meaningless. The assumption of the same conceptualization of items 
when responding to survey items in not always warranted (Riordan & Vandenberg, 
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1994). This study is the first step to address the issue of factorial invariance items of the 
CES-D scale in Tigrigna speaking immigrants/refugees in the United States.  Using data 
collected from Eritrean immigrants/refugees in the United States and a secondary data 
from the HEART SCORE study (see Aiyer et.al., 2007), evidence of partial measurement 
and structural invariance of the CES-D scale was shown. The findings of this study 
provide adequate evidence in support of the applicability of the four factor CES-D scale 
for measuring depressive symptoms in Tigrigna speaking Eritrean immigrants/refugees. 
The Tigrigna version CES-D scale has shown psychometric properties comparable to 
those found in the original population (Radloff, 1977).The next step in the process of 
developing the Tigrigna version CES-D scale is to conduct multiple studies in various 
representative samples and establish stronger evidence of its psychometric properties. 
Studies that compare community samples and clinical samples are also needed to further 
understand the psychometric properties of the Tigrigna CES-D scale.  
Given this is the first study to test invariance of items in the Tigrigna CES-D scale 
in a representative sample of Eritrean immigrants/refugees, it is important to see if the 
findings from this study can be replicated. Provided, the non-invariant items detected in 
this study continue to be non-invariant in future studies based on representative samples 
of Eritrean immigrants/refugees; additional work to determine the source/s of such 
invariance (cultural or non cultural) is critical. Qualitative approach might also play a 
great role to understand the non-invariant items better. 
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Appendix A: Tigrigna Version CES-D Scale 
 
ኣብ ታሕቲ ተዘርዚሮም ዘልው ሙለኣት ሓሳባት፡ ካብ ዝሓሇፈ ሰሙን ክሳብ ሎሚ መዓልቲ ኣብ ዘሎ ጊዜ፣ ንዝተሰማዓካ/ኪ ወይ 
ዘንጸባረቅካዮ/ኪዮ ባህርያት ክሳብ ኪንዯይ ከምዝገልጽዎ ንምሕባር፣ ብ የማን ካብ ዝርከባ ሰናደቅ ሓንቲ እንዲመረጽካ/ኪ ሓንጽጽ/ጺ። 
 
  ብፍጹም 
(ትሕቲ 1 
መዓልቲ) 
ኣዝዩ ውሑድ 
ግዜ 
(1-2 መዓልቲ) 
ብመጠኑ 
(3-4 
መዓልቲ) 
መብዛሕታኡ 
ግዜ 
(5-7 መዓልቲ) 
1. ኣሻቅሎምኒ ዘይፈልጡ ነግራት የሻቅለኒ 
ነይሮም 
    
2. ሸውሃተይ ተዓጽየ፡ ናይ  መግቢ ድሇይተይ 
ዱኩም ነይሩ 
    
3. ወሊ ብሓገዝ በተሰብ ይኩን መቅርብ ካብ 
ጭንቀት ኪናገፍ ኣይከኣልኩን 
    
4. ማዕረ ሰበይ እየ ዝብል ስምዒት የሕዱረ     
5. ትኩር ኮይነ ክሰርሕ ኣይከኣልኩን     
6. ቃዚኔ     
7. ነብስ ወከፍ ንጥፈት ዓቢ ብድሆ ኮይኑኒ     
8. ብዛዕባ መጻእየይ ትስፉው ነይረ     
9. ሕለፍ ሂወተይ ዘይዕዉት ኮይኑ ተረኣዩኒ     
10. ፍርሒ ተሰሚዑኒ     
11. ድቃሰይ ምዕልባጥ ዝበዝሖ ነይሩ     
12. ሕጉስ ነይረ     
13. ከም ወትሩ የዕልል ኣይነበርኩን     
14. ጸምዩኒ፡ ጸገዒ ኣልቦ ዝኮንኩ ኮይኑ ተሰሚዑኒ     
15. ሰባት ሕያውነት ኣይሇገሱሇይን     
16. ጽቡቅ ህይወት ኣሕሉፈ     
17. ጽቡቅ ህይወት ኣሕሉፈ     
18. ሓዘን ተሰሚዑኒ     
19. ሰባት ዝጸልኡኒ ኮይኑ ተሰሚዑኒ     
20. ሰልችዩኒ     
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Appendix B፡ English Version CES-D Scale 
 
 
 
 
